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REMARKS 

Claims 1, 2, 6 and 8 are pending after entry of this paper. Claims 1 , 2, 6 and 8 
have been rejected. Claims 3-5, 7 and 9 have been cancelled without prejudice. Applicants 
reserve the right to pursue cancelled claims in a continuing application. 

Claim 1 has been amended to incorporate the subject matter of cancelled claim 3. 
Support may be found throughout the instant specification, for example, claim 3 as originally 
filed. 

Claim 2 has been amended to replace the phrase "a mouse model of Guillain- 
Barre syndrome" with the phrase "the transgenic mouse model." Support for this amendment 
may be found throughout the instant specification, for example, pages 12-13 under the 
"Reference Example" section. 

Claim 6 has been amended to incorporate the subject matter of claim 7. Claim 6 
has been further amended to recite step (iii) "observing said mouse model of the syndrome for 
the degree of peripheral neuropathy wherein paralysis of the tail and hind legs occurs" and the 
phrase "wherein said test substance has a therapeutic effect against Guillain-Barre syndrome 
and/or Fisher syndrome when the level of anti-GQlb antibody and the degree of peripheral 
neuropathy are decreased." Support for these amendments may be found throughout the instant 
specification, for example, in the paragraph bridging pages 10-11. 

Claim 8 has been amended to incorporate the screening method of claim 6 from 
which it depends. 

No new matter has been introduced by these amendments. Reconsideration and 
withdrawal of the pending rejections in view of the above claim amendments and below remarks 
are respectfully requested. 
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Response to Rejections under 35 U.S.C. §112. first paragraph 

Claims 1-3 and 6-9 stand rejected under 35 U.S.C. §112, first paragraph for lack 
of enablement. Specifically, the Examiner contends that the specification while being enabling 
for a homozygous transgenic mouse with a disruption of exon encoding S2 and EC1 of the 
FcyRIIB gene that does not produce FcyRIIB protein obtained after immunization with 
gangliosides GQlb showing symptoms of peripheral neuropathy leading to paralysis of its tail 
and hind legs and elevated levels of antibody titer against GQlb, and the method for screening 
test agents using such model, allegedly does not provide enablement for a model of Guillain- 
Barre syndrome (GBS) or Fisher syndrome or deficiency of the FcyRIIB gene or any other 
"mouse" showing phenotype as claimed. (Office Action - page 3). Applicants respectfully 



On the contrary, the mouse model as recited in the currently amended claims 
would have been clearly recognized as a mouse model of Guillain-Barre syndrome by one skilled 
in the art in view of the technical knowledge at the time of filing and the disclosure of the instant 
application. Applicants clearly identify and claim three requisites that are attributed to the 
claimed mouse model: (a) a homozygous FcyRIIB gene deficiency : (b) elevated levels of 
antibody titer against GQlb by immunizing with GQlb ganglioside : and (c) development of 
peripheral neuropathy wh erein paralysis of the tail and hind less occurs . In fact, the elevated 
levels of antibody titer against GQlb and peripheral neuropathy with paralysis of the tail and 
hind legs are known characteristic symptoms of Guillain-Barre syndrome (see paragraph 2, page 
1 of the instant specification) and have not been shown to be present in any other syndrome 
except for Guillain-Barre syndrome or its variants. Diagnostic criteria were defined for research 
purposes back in 1981 (Asbury, et al, Ann Neurol; 3:565-6, 1978) and have been subsequently 
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refined in 1990 (Asbury, et al., Ann Neurol; 27:S21^ 5 1990) as cited in Winer (QJM: An 
International Journal of Medicine, 95(1 1):717-721 , 2002; respectfully submitted). Essentially, 
diagnosis requires progressive weakness of more than one limb, over a period of time, thought to 
be due to a neuropathy, in the absence of any identifiable genetic, metabolic or toxic cause. 
Whereas, elevated levels of antibodies to the ganglioside GQ lb which appear to act in part on the 
neuromuscular junction to interfere with transmitter release, further confirm the diagnosis of 
Guillain-Barre syndrome (Chiba, et al, Neurology; 43:1911-17, 1993; respectfully submitted). 
Therefore, one skilled in art would only attribute these symptoms, i.e., the elevated levels of 
antibody titer against GQlb and peripheral neuropathy with paralysis of the tail and hind legs, to 
Guillain-Barre syndrome without undue experimentation. 

The fact that the Examiner contends that "hind limb or tail paralysis cannot be 
solely rely as phenotype for GBS or any specific syndrome" (Office Action - page 8) or 
"elevated level of GQlb antibody does not provide adequate guidance in developing GBS or FS" 
(Office Action - page 9) fails to present any evidence to justify why both symptoms analyzed 
together would not be attributed to GBS or FS as disclosed in the currently amended claim 1 
(incorporates the subject matter of claim 3). Examiner's contention is merely speculative and 
not necessarily based on any particular knowledge in the art. In fact, Reinhardt, et al. (Adv. Exp. 
Med. Biol. 1996; 398:241-6, of record), Kennel, et al. (Neurobiol. Dis. 1996; 3(2): 137-47, art of 
record) Chaudhry, et al. (Semin. Ophthalmol. 2006; 21(4):223-27; of record), Odaka, et al. (J. 
Neurol. Neurosurg. Psychiatry, 70(l):50-55, 2001; of record) cited by the Examiner, do not 
refute that the symptoms such as the elevated levels of antibody titer against GQlb and 
peripheral neuropathy with paralysis of the tail and hind legs taken together are characteristic 
symptoms of Guillain-Barre syndrome. Indeed, Chaudhry states that "[i]n the last 15 years, 
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attention has been directed towards the association of the GQlb IgG antibody and several GBS 
variants, particularly the Fisher syndrome." (See Id., Introduction, p. 223). While Odaka, et al„ 
states that "[tjhese findings [clinical features of anti-GQIB-IgG antibody syndrome and clinical 
features of each diagnostic condition] together with the common autoantibody (anti-GQlb IgG) 
suggest that a common autoimmune mechanism functions in the pathogenesis of these illnesses 
[MFS, GBS, BBE, and acute ophthalmoparesis]" (See Odaka, et al., Abstract). The Examiner 
has not presented any evidence why one skilled in the art while seeing the elevated levels of 
antibody titer against GQlb and peripheral neuropathy with paralysis of the tail and hind legs 
would not attribute these symptoms to Guillain-Barre syndrome. Thus applicants assert that one 
skilled in art could make and use the claimed mouse model as a model of Guillain-Barre 
syndrome without undue experimentation. 

Furthermore, the Examiner argues that at the time of the claimed invention, 
neither the art of record nor the specification teaches how to practice the claimed invention for 
heterozygous FcyRIIB +/ " mouse. (Office Action- page 6). Applicants respectfully wish to 
remind the Examiner that claim 1 recites "immunizing a homozygous FcyRIIB gene deficient 
mouse with GQlb ganglioside" (emphasis added) Applicants have disclosed in the instant 
specification that any FcyRIIB-deficient mouse will be sufficient to practice the claimed 
invention. The specification must be enabling for one skilled in the art to make and use that 
which is defined by the claim(s) of the subject application (MPEP § 2164, [R-2], f 1). Thus, the 
instant specification must only be enabled with respect to the homozygous FcyRIIB gene 
deficient mouse immunized with GQlb ganglioside as defined by claims of the present 
application, which as acknowledged by the Examiner is enabling (Office Action - page 7, lines 
9-12). 
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Furthermore, the Examiner contends that the specification allegedly does not 
teach any other genetic disruption involving FcyRIIB gene. Accordingly, the Examiner 
concludes that since the specification enables only one particular disruption of FcyRIIB" 7 " mice, 
i.e., disruption of exon encoding S2 and EC1 of the FcyRIIB gene, any other genetic disruption 
will not result in the same phenotype (Office Action - page 6). Applicants respectfully disagree. 

Applicants wish to bring to the Examiner's attention that "[a]s long as the 
specification discloses at least one method for making and using the claimed invention that bears 
a reasonable correlation to the entire scope of the claim, then the enablement requirement of 35 
U.S.C. 112 is satisfied." In re Fisher, All F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970). 
"Failure to disclose other methods by which the claimed invention may be made does not render 
a claim invalid under 35 U.S.C. 112." Spectral-Physics, Inc. v. Coherent, Inc., 827 F.2d 1524, 
1533, 3 USPQ2d 1737, 1743 (Fed. Cir. 1987). The Examiner fails to cite any references or offer 
any evidence to justify the conclusion that any other genetic disruption of FcyRIIB" 7 " gene, will 
not result in the same phenotype. In fact, the art recognizes many genetic recombinant 
techniques that can be used to prepare any other genetic disruption to FcyRIIB gene as long as it 
generates a mouse whose FcyRIIB gene is deficient in its chromosome . Furthermore, MPEP 
§2164.01 states that a specification only needs to provide "sufficient information regarding the 
subject matter of the claims as to enable one skilled in the pertinent art to make and use the 
claimed invention." Therefore, applicants do not need to demonstrate every gene knockout 
method and/or gene disruption of FcyRIIB" 7 " gene to be enabling. The technology to remove the 
FcyRIIB gene in transgenic or knock-out non-human animals is well-known in the art. 
Therefore, one of ordinary skill in the art would be able to make and use the invention for any 
transgenic mouse with homozygous FcvRIIB-deficiencv based on the description in the instant 
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specification and what is commonly known in the art. In addition, an artisan would understand 
that a transgenic mouse with homozygous FcyRHB-deficiencv does not produce FcyRIIB protein 
without a need for further clarification. 

The Examiner further alleges while citing Holschneider et al. {Int. J. Devi. 
Neuroscience 2000; 18: 615-618) and Griffiths {Microscopy Research and Technique 1998; 
41:344-358) that the art is unpredictable in correlating gene deficiency with a particular 
phenotypes (Office Action - paragraph bridging pages 6 and 7). Applicants respectfully 



Applicants disclose a transgenic mouse model with a homozygous FcyRIIB gene 
deficiency that upon immunization with GQlb ganglioside shows elevated levels of antibody 
titer agains t GQlb and develops peripheral neuropathy where paralysis of the tail and hind lgg s 
occurs. Clearly, cause and effect has been established. One skilled in the art would recognize 
without undue experimentation that the elevated levels of antibody titer against GQlb and the 
resultant phenotype, i.e., a peripheral neuropathy where paralysis of the tail and hind legs occurs, 
were established as a result of a homozygous FcyRIIB gene deficiency and subsequent 
immunization with GQlb ganglioside {See Examples 1 and 2 of the instant application). 

Furthermore, the art teaches, for example Anagnostopoulos, et al. {Physiol. 
Behav. 2001; 73(5):675-689; respectfully submitted) that extensive knowledge of mutant 
phenotypes are known and identified. Anagnostopoulos, et al. describes the Transgenic and 
Targeted Mutation Database (TTMD) that provides an extensive, detailed phenotypic 
characterization of mouse mutants. {See Anagnostopoulos et al., at 678, first column, second 
paragraph). The reference further discusses the cataloging of knockout mice to serve as models 
for certain human disorders. {See Id. at 678, second column). Anagnostopoulos, et al. provides 
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the neurological and behavioral mouse models listed in available databases in Table 4. (See Id.; 

Table 4). Table 4 provides evidence that those skilled in the art can predict the resultant 

phenotypes of transgenic mice despite the assessment of Holschneider et al. and Griffiths. 

According to the TTMD, one can create a transgenic mouse of the type listed therein and expect 

to observe the recorded phenotypes. 

Therefore, a specific phenotype for a mouse model with homozygous Fcy RTTR 

gene deficiency that upon immunization with GQlb ganglioside shows elevated levels of 

antibody titer against GQ lb can quite easily be confirmed by obvious visual cues (See Figure 1 

of the instant application) such as a paralysis of the tail and hind legs and would be readily 

understood by one skilled in the art without undue experimentation. 

With regard to the method for screening therapeutic agents for Guillain-Barre 

syndrome, the Examiner contends that the instant application does not provide guidance of how 
to identify agents that treat GBS or Fisher syndrome (Office Action - page 9). Specifically, the 
Examiner states that allegedly «[a]n artisan would have to perform undue experimentation to first 
establish a link between the immunizing transgenic animal of the invention with GQlb with a 
specific syndrome and then test various parameters using different type of agents, dosage and 
delivery route in order to reduce symptoms seen [in] the transgenic animal of the invention" (Id. 
-page 9). Applicants respectfully disagree. 

Applicants submit as discussed supra, the link between the claimed mouse model 
with a homozygous FcyRIIB gene deficiency having elevated levels of antibody titer against 
GQlb and peripheral neuropathy with paralysis of the tail and hind legs and Guillain-Barre 
syndrome has been clearly established (See pages 5-7 of the instant response). Therefore, a 
substance or agent that reduces these symptoms (reduction in paralysis based on paralytic 
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symptom scores, See Example 2 and Figure 2 of the instant application) is expected to be a 

therapeutic drug for Guillain-Barre syndrome. 

Whereas, to "test various parameters using different type of agents, dosage and 

delivery route in order to reduce symptoms seen [in] the transgenic animal of the invention" (Id. 

- page 9), applicants submit would be considered routine in the art and would not constitute 

undue experimentation since as the Examiner is well aware, undue experimentation has little to 

do with the quantity of experimentation and much more to do with the amount of guidance or 

direction provided. See Ex parte Jackson, 217 USPQ 804, 807 (1982) (emphasis added): 

[T]he test is not merely quantitative, since a considerable amount 
of experimentation is permissible, if it is merely routine, or if the 
specification in question provides a reasonable amount of guidance 
with respect to the direction in which the experimentation should 
proceed to enable the determination of how to practice a desired 
embodiment of the invention claimed. In re Rainer 52 CCPA 
1593, 347 F.2d 574, 146 USPQ 218 (1965). 

The specification provides sufficient guidance to test various parameters using 
different type of agents, dosage and delivery route in order to reduce symptoms seen in the 
transgenic animal of the invention. Specifically, the specification of the present application 
teaches methods to confirm and select therapeutic agents for Guillain-Barre syndrome by 
screening these therapeutic agents using the model described above. (See Id., paragraph bridging 
pages 10 and 1 1). Disclosed is the administration of the test substance sought as the therapeutic 
agent to the mouse model either orally or parenterally. (See Id.). Once administered, the 
screening method further requires measuring the level of anti-GQlb antibody in the blood of the 
non-human animal model using techniques such as Enzyme-linked Immunabsorbant assay 
(ELISA) analysis. (See Id., pages 14-15 citing Cell. Immunol. 145, 299-310, 1992). The 
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screening and selection of a therapeutic agent involves observing the mouse model for GBS- 
symptoms or the lack thereof. {See Id., page 16). 

Therefore, in light of the above arguments and amendments to the claims, 
applicants assert that the pending claims are enabled for a mouse model of Guillain-Barre 
syndrome and a method to therapeutic agents using such model. Reconsideration and 
withdrawal of the enablement rejection under 35 U.S.C. §112, first paragraph are respectfully 
requested 

Response to Rejections under 35 U.S.C. §112. second paragraph 

Claim 2 has been rejected under 35 U.S.C. §112, second paragraph for being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Specifically, the Examiner contends that the phrase 
"according to" is unclear and does not further limit the instant claim (Office Action - pages 12- 
13). Applicants respectfully disagree. 

However, in order to expedite prosecution and solely for the purpose of allowance 
of the instant application, applicants have amended claim 2 to clarify the antecedent basis of the 
mouse model recited in the claim as suggested by the Examiner. Accordingly, reconsideration 
and withdrawal of the 35 U.S.C. §112, second paragraph rejection of claim 2 are respectfully 
requested. 

Claims 6-9 have been rejected under 35 U.S.C. §1 12, second paragraph as being 
incomplete for omitting essential steps. Specifically, the Examiner contends that the instant 
claims use a transgenic mouse for screening therapeutic agents, but allegedly does not set forth 
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any steps involved in the method/process (Office Action - page 13). Applicants respectfully 
disagree. 

However, in order to expedite prosecution and solely for the purpose of allowance 
of the instant application, applicants have cancelled claims 7 and 9 and have amended claims 6 
and 8 to recite positive steps as suggested by the Examiner. Specifically, claim 6 has been 
amended to incorporate the subject matter of claim 7 and further amended to recite step (iii) 
"observing said mouse model of the syndrome for the degree of peripheral neuropathy wherein 
paralysis of the tail and hind legs occurs." Furthermore, the recited steps are positively related to 
the preamble of the claimed method by stating "wherein said test substance has a therapeutic 
effect against Guillain-Barre syndrome and/or Fisher syndrome when the level of anti-GQlb 
antibody and the degree of peripheral neuropathy are decreased." Support for these amendments 
may be found throughout the instant specification, for example, in the paragraph bridging pages 
10-11. Claim 8 has been amended to incorporate the subject matter of claim 6 from which it 
depends. Reconsideration and withdrawal of the 35 U.S.C. §112, second paragraph rejection of 
claims 6-9 are respectfully requested in light of the amendments to the claims, cancellation of 
claims 3, 7, and 9 and above arguments. 

Dependent Claims 

The applicants have not independently addressed all of the rejections of the 
dependent claims. The applicants submit that for at least similar reasons as to why independent 
claim 1, from which all of the dependent claims 2, 6 and 8 depend, are believed allowable as 
discussed supra, the dependent claims are also allowable. The applicants however, reserve the 
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right to address any individual rejections of the dependent claims and present independent bases 
for allowance for the dependent claims should such be necessary or appropriate. 

Thus, applicants respectfully submit that the invention as recited in the claims as 
presented herein is allowable over the art of record, and respectfully request that the respective 
rejections be withdrawn. 

CONCLUSION 

Based on the foregoing amendments and remarks, the applicants respectfully 
request reconsideration and withdrawal of the pending rejections and allowance of this 
application. The applicants respectfully submit that the instant application is in condition for 
allowance. Entry of the amendment and an action passing this case to issue is therefore 
respectfully requested. In the event that a telephone conference would facilitate examination of 
this application in any way, the Examiner is invited to contact the undersigned at the number 
provided. Favorable action by the Examiner is earnestly solicited. 
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AUTHORIZATION 

The Commissioner is hereby authorized to charge any additional fees which may 
be required for consideration of this Amendment to Deposit Account No. 13-4500, Order No. 
4439-4032 . 

In the event that an extension of time is required, or which may be required in 
addition to that requested in a petition for an extension of time, the Commissioner is requested to 
grant a petition for that extension of time which is required to make this response timely and is 
hereby authorized to charge any fee for such an extension of time or credit any overpayment for 
an extension of time to Deposit Account No. 13-4500, Order No. 4439-4032 . 



Dated: August 17. 2007 



Correspondence Address : 
MORGAN & FINNEGAN, L.L.P. 
3 World Financial Center 
New York, NY 10281-2101 
(212)415-8700 Telephone 
(212)415-8701 Facsimile 



Respectfully submitted, 
MORGAN & FINNEGAN, L.L.P. 
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Serum anti-GQ lb IgG antibody is 
associated with ophthalmoplegia in 
Miller Fisher syndrome and 
Guillain-Barre syndrome: 

Clinical and immunohistochemical studies 

A. Chiba, MD; S. Kusunoki, MD; H. Obata, MD; R. Machinami, MD; and I. Kanazawa, MD 



Article abstract — To determine the significance of serum anti-GQ lb IgG antibody, we studied the disease spectrum 
associated with this antibody and GQi b epitope in the human nervous system. We examined sera from 19 patients with 
typical Miller Fisher syndrome (MFS), five patients with acute postinfectious ophthalmoplegia without ataxia (atypical 
MFS), six patients with Guillain-Barre syndrome (GBS) with ophthalmoplegia (GBS-OP[+]), and 23 patients with GBS 
without ophthalmoplegia (GBS-OP[— ]). We also examined sera from 84 patients with other neurologic or non-neurologic 
disorders and from 16 normal control subjects. Eighteen of the 19 patients with typical MFS, all the patients with atypi- 
cal MFS, and five of the six patients with GBS-OP(+) had increased anti-GQ ]b IgG activity in ELISA, but none of the 
patients in the other groups, including GBS-OP(-), had it. All the patients' sera that had anti-GQ lb IgG antibody 
showed anti-GT la IgG activity. Results of absorption studies suggested that the same antibody reacted with GQ lb and 
GTj a . An anti-GQ lb mouse monoclonal antibody immunostained the paranodal regions of the extramedullary portion of 
the human oculomotor, trochlear, and abducens nerves. Biochemical analysis showed that the human oculomotor nerve 
contained a larger amount of GQ lb than did the ventral and dorsal roots of the spinal cord. We conclude that serum IgG 
antibody against GQ lb is very closely associated with acute postinfectious ophthalmoplegia in MFS and GBS. 

NEUROLOGY 1993;43:1911-1917 



C. Miller Fisher described 1 a syndrome consisting 
of ophthalmoplegia, ataxia, and areflexia (Miller 
Fisher syndrome [MFS]). Although, on the basis of 
common clinical features, he regarded it as a vari- 
ant of Guillain-Barre syndrome (GBS), the relation 
between MFS and GBS and the pathogenesis for 
the features unique to MFS are unknown. 

Serum antiganglioside antibodies are present in 
GBS. 2 5 Recently, we reported 6 the presence of 
serum IgG antibody against ganglioside GQ lb in 
patients with MFS in the acute phase and pointed 
out an immunologic feature common to MFS and 
GBS: the presence of antiganglioside antibody. 
Serum antiganglioside antibodies also are present 
in, and possibly involved in the pathogenesis of, 
motor neuron disease (MND) and multifocal motor 
neuropathy (MMN). 7 " 11 

To evaluate the significance of serum anti-GQ lb 
IgG antibody in detail, we investigated whether 



this antibody is present in larger groups of patients 
that included those with atypical MFS and GBS 
with ophthalmoplegia. We also investigated the 
distribution of the epitope for anti-GQ lb antibody 
immunohistochemically using a mouse monoclonal 
antibody (mAb). 

Methods. Examination of antiglycolipid antibody in 
patients' sera. Patients . Serum samples were obtained 
from 19 patients with typical MFS, all of whom had the 
triad of the syndrome (ophthalmoplegia, ataxia, and 
hyporeflexia) but no major limb weakness or other signs 
suggestive of CNS involvement. We also examined five 
patients who experienced acute ophthalmoplegia after an 
infectious prodrome (four infected with common cold and 
one with diarrhea) who recovered without specific thera- 
py. They all had a relatively mild bilateral abducens 
palsy; two had hyporeflexia, two a mild decrease of vibra- 
tion sense in the lower extremities, and two a mild albu- 
minocytologic dissociation in the cerebrospinal fluid, but 
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none had ataxia or any other neurologic sign. This group 
was designated "atypical MFS." 

Serum samples also were taken from six patients who 
had GBS and ophthalmoplegia (GBS-OP[+]). Twenty- 
three patients with GBS but without ophthalmoplegia 
(GBS-OP[-]) also were examined, three of whom showed 
ataxia that was considered to be due to loss of position 
sense. In the others, ataxia was absent or could not be 
assessed because of limb weakness. The clinical features 
of these patients are given in the table. Neurologists 
examined them in the acute phase. The first serum sam- 
ples were taken in the acute phase, except for one patient 
with atypical MFS and one patient with GBS-OP(+), from 
whom samples were obtained 60 days (atypical MFS) and 
53 days (GBS-OP[+]) after neurologic onset. 

As disease controls, serum samples were taken from 
two patients with brainstem encephalitis, 24 with MS, 
five with MMN, 12 with chronic inflammatory demyelin- 
ating polyneuropathy (CIDP), and 23 with MND, as well 
as 18 patients with other immunologic disorders, nine of 
whom had systemic lupus erythematosus, seven 
polymyositis, and two mixed connective tissue disorder. 
Except for MND, the samples were taken in the acute, 
active, or relapse phases of the disorders. Samples also 
were taken from 16 normal control subjects. Both 
patients with brainstem encephalitis had lesions in the 
brainstem, as confirmed by MRI, showing abnormal ocu- 
lar movement (conjugate gaze palsy in one, coarse hori- 
zontal gaze nystagmus in the other), ataxia, and hypore- 
flexia, as well as consciousness disturbance and 
dysarthria. They eventually recovered. Serologic exami- 
nations suggested herpes simplex virus infection in one 
of them, but the causative agent in the other is not 
known. Of the 24 patients with MS, nine had ataxia and 
four ophthalmoplegia or diplopia. All five patients with 
MMN had the serum anti-GM^ IgM antibody. None of 
the patients with CIDP had ophthalmoplegia. 

Enzvme-linked immunosorbent assay (ELISA). All 
the glycolipids except GQ lb and asialo-GMj (GA,) were 
purchased from Funakoshi (Tokyo, Japan). GQ lb was 
bought from Dia-Iatron (Tokyo, Japan). GAi was pre- 
pared from the GMj of bovine brain in our laboratory. 
The titer of the serum anti-GQ lb IgG antibody was deter- 
mined by ELISA. Five hundred ng of purified GQ lb in 50 
(Jul of ethanol was added to individual wells of Linbro 
microtiter plates (Flow Laboratories, McLean, VA), after 
which the solution was dried by evaporation. Nonspecific 
protein-binding sites were saturated with 1% bovine 
serum albumin (BSA) in phosphate-buffered saline 
(PBS), pH 7.4 (blocking solution). A 50-uI serum sample 



diluted serially from 1:10 with blocking solution was 
added in duplicate to the antigen-coated and -uncoated 
wells, after which the plates were incubated overnight at 
4 °C. The wells then were washed three times with the 
blocking solution and incubated for 2 hours at room tem- 
perature with 50 |il of peroxidase-conjugated goat anti- 
human IgG antibody (-y-chain specific; Cappel, West 
Chester, PA) diluted 1:500 with blocking solution. Next, 
they were washed three times then incubated with 200 
jjlI of 40 mg/dl of o-phenylenediamine dihydrochloride 
and 0.006% H 2 0 2 in phosphate-citrate buffer, pH 5.0, as 
the enzyme substrate. The reaction was stopped by the 
addition of 50 ul of 8N H 2 S0 4 . The color reaction was 
read at 492 nm with an ELISA reader (BioRad, Hercules, 
CA). Readings for the GQ lb -uncoated wells were sub- 
tracted from those for the GQ lb -coated wells. The titer for 
each patient was taken as the highest dilution factor at 
which the mean OD of the duplicate wells exceeded the 
cutoff value. This corresponded to the mean + 3 SD of the 
normal control sera at the dilution of 1:10. Taking into 
account the variations of the OD values in the different 
experiments, we determined the cutoff value for each 
assay by using serially diluted positive standard serum 
on the same plate. This value ranged from 0.215 to 0.350 
in the anti-GQ lb IgG antibody assay. Serum anti-GQ lb 
IgM antibody and the IgM and IgG antibodies against 
other glycolipids (GM 1( GM 2 , GM 3 , GDi a , GD lb , GD 3 , 
GT lb , GAj, galactocerebroside) also were examined by 
ELISA, as described earlier, at a serum dilution of 1:40. 
For the second antibody in the IgM class, we used peroxi- 
dase-conjugated goat antihuman IgM antibody ((i-chain 
specific; Cappel) diluted 1:200. The cutoff value also cor- 
responded to the mean + 3 SD of the normal control sera 
for each glycolipid. 

Thin-layer chromatography (TLC) and enzyme 
immunoassay. GMj, GD la , GD lb , GT lb , GQ lb , and GT la 
were the test antigens used. GT la was the gift of Dr. 
Susumu Ando, Tokyo Metropolitan Institute of Geron- 
tology. A 500-ng sample of each purified ganglioside was 
loaded on a plastic-backed TLC plate (Macherey-Nagel, 
Diiren, Germany) and developed with chloroform: 
methanol:0.2% CaCl 2 (45:55:10). The plate then was air- 
dried, dipped in a solution of 0.4% polyisobutylmethacry- 
late in n-hexane, and air-dried again. Nonspecific pro- 
tein-binding sites were saturated with 10% normal goat 
serum in PBS. The different lanes on the plate were 
overlaid with sera from the patients or normal control 
subjects diluted with 10% normal goat serum in PBS: 
1:40 for patients with anti-GQ lb IgG antibody titers 
above 1:160 in ELISA and 1:20 for subjects with titers 
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below 1:80. The plate then was incubated overnight at 4 
°C, after which it was washed with PBS and incubated 
for 2 hours at room temperature with peroxidase-conju- 
gated goat antihuman IgG antibody diluted 1:200. 
Immunoreactants were made visible with PBS contain- 
ing 50 mg/dl 3,3'-diaminobenzidine tetrahydrochloride 
and 0.01% H 2 0 2 . 

Absorption study. Antiglycolipid antibodies were 
absorbed in the antigen-coated ELISA wells. Each well of 
the microtiter plate was coated with 500 ng of purified 
glycolipid. Nonspecific protein-binding sites were saturat- 
ed as described earlier. Fifty jjlI of sera diluted with 10% 
normal goat serum in PBS, in the same ratio used for the 
TLC-enzyme immunoassay, was added to both the anti- 
gen-coated and -uncoated wells, after which the plates 
were incubated overnight at 4 °C. The residual antiglyco- 
lipid activities of the supernatants were assayed by TLC- 
enzyme immunoassay and the activities absorbed in the 
wells were assayed by ELISA. We confirmed there were 
no significant differences in the protein concentrations of 
the materials absorbed by this method. 

Immunohistochemical and biochemical studies. We 
used tissue specimens obtained from autopsied patients 
with no known neurologic disorders. These specimens 
were frozen within 18 hours of death and kept at -80 °C 
until used. 

Immunohistochemical study. Human nerve tissues 
were studied immunohistochemically with a monoclonal 
antibody, mAb 7F5, that reacts with both GQ lb and GTi a 
and belongs to the IgG 2a subclass of the mouse. 12 This 
antibody was provided by Mecto (Tokyo, Japan). We 
examined all 12 cranial nerves and the ventral and dorsal 
roots of the lumbar spinal cord, as well as the femoral 
nerve, dorsal root ganglion (DRG), thoracic spinal cord, 
cerebellum, and brainstem. Specimens were frozen in 
isopentane cooled in liquid nitrogen. Sections of 10 pm 
were cut on a cryostat at -25 °C, then mounted on 
gelatin-coated slide glasses, air dried, and fixed in cold 
acetone for 5 minutes, after which they were immuno- 
stained with Vectastain ABC kit (Vector Laboratories, 
Burlingame, CA). After incubating them with 1.5% nor- 
mal horse serum, the sections were incubated overnight 
at 4 °C with mAb 7F5 diluted 1:400 (corresponding to 15 
pg of IgG 2a per ml), after which they were washed twice 
with PBS (10 minutes each), then incubated for 2 hours 
at room temperature with biotinylated horse antimouse 
IgG antibody diluted 1:200. After two washings with PBS, 
the sections were incubated for 1 hour at room tempera- 
ture with the avidin-biotin complex. After two more PBS 
washes, the immunoreactants were made visible with 50 
mg/dl of 3,3'-diaminobenzidine tetrahydrochloride and 
0.01% H 2 0 2 in PBS. Purified mouse IgG 2a (Chemicon, 
Temecula, CA) diluted to 15 pg/ml was the control. 

Ganglioside preparation. The total ganglioside frac- 
tions were prepared from the oculomotor nerve and the 
ventral and dorsal roots of the lumbar spinal cord. About 
100 mg of each tissue was homogenized. The total lipid 
fractions were extracted sequentially with 3 ml each of 
chloroform:methanol:water at 2:1:0, 1:1:0, and 1:2:0.8 (by 
volume). The extract was evaporated serially on a rotary 
evaporator. Its residue was dissolved in 2 ml of chloro- 
form:methanol (9:1), then applied to a Phenyl Sepharose 
column (Pharmacia, Uppsala, Sweden) (column volume, 
2 ml). Neutral lipids and sulfatides were eluted with 10 
ml each of chloroform:methanol (neutral lipids at 9:1 and 
sulfatides at 85:15). The total gangliosides were recov- 
ered with acidic phospholipids on elution with 10 ml of 
chloroform:methanol (1:1) and 20 ml of methanol. 13 The 



eluate obtained was evaporated in a rotary evaporator. 
The residue was given mild alkaline treatment with 0.5 
M sodium hydroxide in methanol for 1 hour at 45 °C to 
degrade acidic phospholipids. After neutralization with 
IN acetate in methanol, the sample was evaporated 
under nitrogen. The residue was dissolved in 500 jul! of 
chloroform: methanol: water (5:5:1) and applied to a gel 
chromatography column of Toyopearl HW-40 (Toso, 
Tokyo, Japan) (column volume, 10 ml) to remove salts. 
The first 3 ml of the eluate was discarded. The second 3 
ml was collected and evaporated under nitrogen, after 
which the residue was dissolved in chloroform:methanol 
(1:1) at a concentration of 1 mg of original tissue per 4 pi 
The ganglioside patterns of samples were made visible 
with resorcinol-HCl reagent after chromatography on an 
HPTLC plate (Merck, Darmstadt, Germany) with chloro- 
form:methanol:0.2% CaCl 2 (45:55:10). 

TLC-enzyme immunoassay. TLC-enzyme immuno- 
assays of the total ganglioside fractions from the oculo- 
motor nerve and the ventral and dorsal roots of the 
spinal cord were done as described earlier. A sample cor- 
responding to 2.5 mg wet weight of tissue was loaded on 
a plastic-backed TLC plate. After the plate had been 
developed, it was incubated with mAb 7F5 (1:200) or a 
patient's serum (1:40) for 1.5 hours at room temperature. 
The second antibody for mAb 7F5 was peroxidase-conju- 
gated goat antimouse IgG antibody (1:200) (Cappel) and, 
for the patient's serum, peroxidase-conjugated goat anti- 
human IgG antibody (1:200). 

Western blot analysis. Specimens were homogenized in 
ice-cold modified Laemmli's sample buffer containing 0.08 
M Tris-HCl (pH 6.8), 2% sodium dodecyl sulfate (SDS), 
10% glycerol, and 0.1 M dithiothreitol. After the samples 
had been immersed in boiling water for 1.5 minutes, 
insoluble precipitates were removed by centrifugation at 
10,000 X g and 4 °C for 15 minutes. The protein concen- 
trations then were measured by the method of Lowry et 
al, 14 as modified by Ross and Schatz, 15 with BSA as the 
standard. Twenty |xg of protein per lane was separated by 
electrophoresis on a 15% SDS-polyacrylamide slab gel, 
then transferred electrophoretically to a nitrocellulose 
membrane. 1617 The blots were immunostained by 
enzyme-immunoassay with ProtBlot (Promega, Madison, 
WI). After incubation with 3% BSA for 6 hours at room 
temperature, the membrane was incubated overnight at 4 
°C with the first antibody diluted with Tris-buffered 
saline (pH 8.0) containing 0.05% Tween 20. After being 
washed, the membrane was incubated for 2 hours at room 
temperature with alkaline phosphatase-conjugated anti- 
mouse IgG diluted 1:7,500. The immunoreactants were 
made visible with nitroblue tetrazolium and 5-bromo-4- 
chloro-3-indolyl phosphate as the enzyme substrates. 
MAb 7F5 and purified mouse IgG 2a (the control) were 
used as the first antibodies at 15 pg of IgG 2a per ml. 



Results. Examination of antiglycolipid antibody in 
patients' sera. Eighteen of the 19 patients with typ- 
ical MFS, all five of those with atypical MFS, and 
five of the six with GBS-OP(+) had increased anti- 
GQ lb IgG antibody titers ranging from 1:40 to 1:640 
in ELISA (figure 1). In three of these patients, we 
could examine their sera as early as 1 or 2 days 
after neurologic onset, and they all had high titer of 
1:320. None of the 23 patients with GBS-OP(-), 
the 84 disease control subjects, or the 16 normal 
control subjects had titers above 1:10. 
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Figure 1. Anti-GQ lb IgG antibody titers. Eighteen of the 
19 patients with typical Miller Fisher syndrome (MFS), 
all five patients with atypical MFS, and five of the six 
patients with Guillain-Barre syndrome with 
ophthalmoplegia (GBS-OP[+]) show increased titers 
ranging from 1:40 to 1:640. The titers of patients with 
GBS without ophthalmoplegia (GBS-OP[-J) and those of 
the normal subjects are all less than 1:10. 

In all 28 patients with anti-GQ lb IgG antibody, 
anti-GT la IgG antibody also was detected in the 
TLC-enzyme immunoassay. The other antiglyco- 
lipid activities were detected in five of them: anti- 
GD lb IgG activity in two (one with typical MFS, the 
other with GBS-OP[+]); anti-GD 3 IgG activity in 
one with GBS-OP(+); anti-GD lb and relatively weak 
anti-GD 3 IgG activities in one with typical MFS 
(who also had IgM activities against GQ lb , GM 1; 
and GD lb ); and anti-GQ lb IgM activity in one with 
atypical MFS. 

To investigate the cross-reactivity of the anti- 
GQ lb and anti-GT la IgG antibodies, we did absorp- 
tion studies on four patients: two with typical MFS, 
one with atypical MFS, and one with GBS-OP(+). 
Preliminary incubation with GQ lb or GT la reduced 
the antibody activities against both GQ lb and GT la 
in the sera of all the patients. 

Serial studies of anti-GQ lb IgG were done on 18 
patients, five of whom were given prednisolone 
orally and three of whom received plasmapheresis 
therapy. The first serum samples had the highest 
anti-GQi b IgG activities, which decreased with time 
whether or not prednisolone or plasmapheresis 
treatment had been used. No patient showed a 
reincrease in anti-GQ lb IgG activity except for one 
who showed a little reincrease in the activity with- 
out clinical exacerbation in association with the 
nonspecific rebound of the total serum IgG concen- 
tration after extensive plasmapheresis. Profiles of 
the anti-GQ lb IgG activity and the clinical manifes- 
tations of one patient from whom sera could be 
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Figure 2. Profiles of the clinical manifestations and anti- 
GQ lh IgG activity, at a serum dilution of 1:80, of a 
patient with typical MFS. Ophthalmoplegia represents 
the degree of diplopia in lateral gaze, and ataxia, 
unsteadiness of gait. The ophthalmoplegia was bilateral 
abducens palsy. Anti-GQ lb IgG activity is present 2 days 
after neurologic onset but decreases during the 
progression phase before the administration of 
prednisolone. 
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Figure 3. Binding characteristics ofmAb 7F5. MAb 7F5 
has the same specificity as the patient's sera. It reacts 
with GQ, h and GT la but not with GM„ GD la , GD lh , or 
GT, b . 



obtained at short intervals from 2 days after neuro- 
logic onset are shown in figure 2. Although his clin- 
ical manifestations worsened during the first 6 
days after onset, anti-GQi b IgG antibody activity 
was highest in the first sampling taken 2 days 
after onset, decreasing even in the phase when his 
clinical signs were exacerbated before prednisolone 
administration. 

Immunohistochemical and biochemical studies. 
Binding characteristics of mAb 7F5 are shown in 
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Figure 4. Oculomotor nerve immunostained with an 
anti-GQ tb monoclonal antibody, mAb 7F5. (A) Cross 
section. The many doughnut-shaped stainings appear 
to consist of unstained axoplasm surrounded by a 
stained portion. The entire surrounding portion is 
stained in some of them (arrows) and the inner part 
only in others (arrowheads). (Bar = 25 fim.) 
(B) Longitudinal section. The paranodal regions of 
Schwann cells mainly appear to be stained. (Bar = 10 
urn.) 




A 



figure 3. This mAb recognizes GQ lb and GT ]a but 
not GMi, GD la , GD lb , or GT lb . Purified mouse IgG 2a 
used as the isotype control did not react with any of 
the gangliosides. 

Unique immunostaining by mAb 7F5 was seen in 
the oculomotor, trochlear, and abducens nerves in 
both the proximal portion of the subarachnoid space 
and the distal portion adjacent to the external ocu- 
lar muscles. Doughnut-shaped stainings were pre- 
sent in cross section (figure 4A). In longitudinal sec- 
tions, the paranodal regions were immunostained 
(figure 4B). These stainings were lessened by prior 
treatment of a section with chloroform:methanol 
(1:1) for 1 minute. Similar stainings were not, or 
only rarely, present in the other peripheral nerve 
tissues. Some large DRG cells had granular stain- 
ings in their cytoplasms. In the CNS, the gray mat- 
ter in the spinal cord and brainstem and the deep 
cerebellar nuclei generally had faint stains, but 
these were much weaker than the staining of the 
oculomotor, trochlear, and abducens nerves. No 
nerve fiber bundles in the spinal cord and brain- 
stem, including the intramedullary portions of the 
oculomotor and abducens nerves, were stained. 

Analysis of the total ganglioside fractions 
showed that the human oculomotor nerve had 
GQi b , but no GT la detectable in this condition (fig- 
ure 5). Although GQ lb was present in both the ven- 
tral and dorsal roots, its content was greater in the 
oculomotor nerve for the same wet weight of tissue. 
In the TLC-enzyme immunoassay of the total gan- 




B 



glioside fractions, both mAb 7F5 and the patient's 
serum immunostained only GQ lb among the gan- 
gliosides. No specific bands were detected by the 
Western blot analysis. 

Discussion. We confirmed the previously reported 
serum anti-GQ lb IgG antibody in patients in the 
acute phase of typical MFS. 6 Moreover, we found 
anti-GQ lb IgG antibody in patients with atypical 
MFS and those with GBS-OP(+), whereas no 
patient with GBS-OP(-) had it. Although the 
grouping of these patients was arbitrary, the corre- 
lation with the clinical manifestations suggests 
that this antibody is most closely associated with 
acute ophthalmoplegia in MFS and GBS. 

We detected anti-GT la IgG activity in all 
patients with anti-GQ lb IgG activity. The absorp- 
tion studies showed that the anti-GQ lb and anti- 
GT la antibodies cross-reacted with each other's 
antigen, which suggested that the same IgG anti- 
body bound to both antigens. 

Serum anti-GQ lb activities were present in 
patients with IgM paraproteinemia and sensory- 
dominant neuropathy, 1819 but presumably without 
ophthalmoplegia, the anti-GQ lb activities possibly 
being derived from IgM M proteins binding to a 
broad spectrum of polysialogangliosides. In our 
series, the IgG antibodies against GQ lb and GT la in 
patients with typical and atypical MFS and with 
GBS-OP(+) reacted with none of the other ganglio- 
sides examined or, at most, only with a very few 
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Figure 5. Ganglioside patterns. Ganglioside fractions 
corresponding to 4.0 mg wet weight of tissue were 
chromatographed on an HPTLC plate then stained with 
resorcinol. The oculomotor nerve (OM) has more GQ, h than 
do the ventral root (VR) and dorsal root (DR) of the lumbar 
spinal cord for the same wet weight (arrowhead). ST = 
mixture of known standard gangliosides (500 ng each). 



(GD lb , GD 3 , or GM,) in four of the 28 patients, but 
never with GT lb and GD la . The disialosyl residue 
attached to the nonreducing terminal of the gan- 
gliotetraose structure (figure 6, underlined) may be 
critical for the anti-GQi b antibody associated with 
ophthalmoplegia. 

In the typical MFS, atypical MFS, and GBS- 
OP(+) groups, two patients (one with typical MFS, 
the other with GBS-OP[+]) did not have the anti- 
GQ lb IgG antibody. Both of these anti-GQ lb -nega- 
tive patients had isolated complete unilateral 
abducens palsy, whereas the patients with anti- 
GQ lb IgG antibody had bilateral ophthalmoplegia: 
14 total external ophthalmoplegia, 13 bilateral 
abducens palsy with or without other impairment, 
and one bilateral palsy of adduction and infraduc- 
tion. Although abducens palsy is the most common 
early extraocular sign in MFS and GBS, isolated 
complete unilateral abducens or oculomotor palsy, 
as in the two patients in our series, is rare. 20 The 
underlying mechanism of ophthalmoplegia in these 
two patients without anti-GQ ]b antibody may differ 
from that in patients with the antibody. 

The immunohistochemical study with the anti- 
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Figure 6. Structures of the gangliosides GQ lb , GT ]a , GT lh , 
GD lh , and GD, a . GQ lh and GT la have a disialosyl residue 
in common that is attached to the nonreducing terminal 
of the gangliotetraose structure (underlined). 

GQ lb mAb showed prominent staining in the oculo- 
motor, trochlear, and abducens nerves that was not 
present elsewhere in the nervous system examined. 
Biochemical analysis showed that the oculomotor 
nerve had a higher content of ganglioside GQ ]b 
than did the ventral and dorsal roots of the lumbar 
spinal cord for the same wet weight of tissue. 
Taking into account the negative results of 
Western blot analysis and the positive results of 
the TLC-enzyme immunoassay, we suspect that 
the mAb recognized ganglioside GQ lb in the oculo- 
motor nerve. The unique distribution of GQ lb is 
compatible with the clinical association of anti- 
GQ lb antibody with ophthalmoplegia. 

The GQ lb epitope was expressed mainly in the 
paranodal regions of the extramedullary portion of 
the three cranial nerves involved in ocular move- 
ment. The paranodal regions of Schwann cells have 
special features indicative of their involvement in 
impulse generation, 21 - 22 and damage to these 
regions blocks impulse generation at the nodes of 
Ranvier. 23 These findings suggest the probable 
attack site of the anti-GQ lb antibody and the cause 
of the conduction block. The extramedullary distri- 
bution of the attack site is compatible with the neu- 
ropathology findings in a patient with GBS with 
ophthalmoplegia who had demyelinating lesions in 
the extramedullary portions of the oculomotor and 
abducens nerves. 24 

Although anti-GQ lb antibody might be elevated 
as a result of tissue destruction, we feel it is 
involved in pathogenesis because of the high titer as 
early as 1 or 2 days after neurologic onset. Close 
serial examination of one patient showed that the 
peak of anti-GQ ]b IgG activity preceded the maxi- 
mum neurologic manifestations. In another patient, 
anti-GQ lb IgG antibody reincreased transiently, 
without clinical exacerbation, in association with 
the nonspecific rebound of the total serum IgG con- 
centration after extensive plasmapheresis, suggest- 
ing that the damage was not dependent on the 
intensity of the antibody activity alone. A time lag 
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between the peaks of antibody activity and the 
symptoms would be expected if the antibody is 
responsible for the initiation of damage. 
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Introduction 

Although there are earlier clinical descriptions of 
rapidly progressive weakness that may well have 
been cases of acute inflammatory neuropathy, 
Cuillain, Barre and Strohl in 1916 1 were the first 
to demonstrate the peripheral nature of Guillain- 
Barre syndrome (GBS) by careful recording and 
interpretation of the tendon reflexes, and thus 
justified their inclusion in its name. Cuillain and 
his colleagues treated their two patients with bed 
rest and injections of strychnine, a common 
treatment at the time. With better understanding 
of the pathophysiology of the disease and the 
benefit of controlled trials of a variety of treatments 
we now have a much firmer evidence base for 
therapy. This review attempts to summarize and 
analyse this evidence base. 

GBS is an acute neuropathy. Diagnostic criteria 
were defined for research purposes back in 1981 2 
and have been subsequently refined. 3 Essentially, 
diagnosis requires progressive weakness of more 
than one limb, over a period of <4 weeks, 
thought to be due to a neuropathy, in the absence 
of any identifiable genetic, metabolic or toxic 
cause. By this definition, GBS is a clinical syn- 
drome that includes a number of pathological and 
electrophysiological subtypes (Table 1). 

The most common and least well understood 
entity is acute inflammatory demyelinating poly- 
neuropathy (AIDP) that probably constitutes about 
75% of the syndrome. Careful neurophysiological 
assessment will usually show a demyelinating 
neuropathy. Although not usually required for 
diagnosis, histological study of nerve at biopsy or 
post mortem material reveals perivascular infiltrates 
and demyeli nation. 4 Although motor findings are by 



Table 1 Clinical subtypes of Guillain-Barre syndrome 



Acute inflammatory demyelinating polyneuropathy 
(AIDP) 

Acute motor axonal neuropathy (AMAN) 

Acute motor and sensory axonal neuropathy (AMSAN) 



far the most prevalent, the disorder does involve 
sensory nerves. 

Acute motor axonal neuropathy (AMAN) is an 
axonal, entirely motor disorder which is commonly 
associated with antibodies against gangliosides, 
especially GM1. 5 A further type of GBS is the 
rarer Acute Motor and Axonal Neuropathy 
(AMSAN), in which neurophysiology and histo- 
logical findings indicate an acute axonal disorder 
with involvement of both motor and sensory nerves. 6 
A related condition, usually considered to be variant 
of GBS, is the Miller Fisher syndrome, which was 
originally coined to describe a condition in which 
there was ophthalmoplegia, ataxia and areflexia, 
but no weakness. 7 This disorder is very tightly 
associated with antibodies to the ganglioside GQ1b, 
which appears to act in part on the neuromuscular 
junction to interfere with transmitter release. 8 

The pathogenesis of CBS is only poorly understood. 
It seems likely that an antibody-mediated mechan- 
ism is largely responsible for AMAN and Miller 
Fisher syndrome, while cellular mechanisms may 
be more important in AIDP, although antibodies are 
probably involved in the mechanism of demyelination. 

Treatment of GBS can be subdivided into 
techniques for managing the severely paralysed 
patient requiring intensive care and respiratory 
support, and the specific therapy aimed at 
ameliorating or reversing the nerve damage. 



Address correspondence to Dr J.B. Winer, Department of Neurology, University Hospital Birmingham, Edgbaston, 
Birmingham B15 2TH. e-mail: j.b.winer@bham.ac.uk 
© Association of Physicians 2002 



718 



J.B. Winer 



Supportive management 

The advent of respiratory assistance, together with 
improved intensive care, has improved the outcome 
of GBS dramatically. While none of these tech- 
niques have (or could have been) subjected to 
controlled trials, the prognosis for GBS has 
improved such that mortality even in the most 
severe patients has fallen from 30% to 5%. This is 
largely due to positive pressure ventilation, but 
complications of prolonged paralysis can also now 
be anticipated and appropriate prophylaxis insti- 
gated. Thus prophylaxis of venous thrombosis and 
pulmonary emboli with low-molecular-weight 
heparin has become routine. Respiratory infections 
can be reduced by minimal sedation in the ITU, 
frequent physiotherapy and where appropriate, 
ventilation with end expiratory pressure to reduce 
atelectasis and so-called 'elephant lung'. Cardiac 
rhythm disturbances were a common cause of death 
in patients with GBS, and this can be reduced by 
careful ECG monitoring with prophylactic tempor- 
ary pacing in cases of significant bradycardia, 
which may herald intractible cardiac asystole. 
Pain can be adequately controlled with analgesia, 
and helped greatly by frequent passive limb 
movements. 



Table 2 Disability scale for Guillain-Barre syndrome^ 



Score Description 



0 Healthy 

1 Minor symptoms or signs of neuropathy but 

capable of manual work. 

2 Able to walk without support of a stick but 

incapable of manual work 

3 Able to walk with a stick, appliance or support 

4 Confined to bed or chairbound 

5 Requiring assisted ventilation 

6 Dead 



Active treatment of GBS 

In view of the evidence of immune dysregulation in 
GBS, treatment with steroids, plasma exchange, and 
intravenous immunoglobulin have all been tried 
and reported in the neurological literature. These 
reports have all initially appeared as anecdotal 
accounts followed by retrospective series from 
individual centres. Such data are always difficult 
to interpret, and a number of randomized con- 
trolled trials followed. Such trials have not usually 
been placebo-controlled because of ethical con- 
straints with sham plasma exchange, but randomi- 
zation and blinding of the assessors have 
considerably improved the value of this evidence 
in making treatment decisions. 

Controlled clinical trials have now been carried 
to assess the value of steroids, plasma exchange, 
intravenous immunoglobulin and combinations of 
these treatments. The Cochrane Neuromuscular 
Group have produced systematic reviews of the 
evidence supporting the use of each of these 
treatments. 9-1 1 

Steroids 

Six eligible trials have addressed the value of 
steroids in treating acute GBS. 12,13 These involved 
195 patients and 187 controls. A six-point scale 
provides the functional endpoint of these trials 
(Table 2). One large multicentre trial carries most 
weight in these analyses. Neither mean disability at 
4 weeks, (Figure 1) the proportion of patients who 
were improved by one grade at 4 weeks, nor the 
improvement in grade at 1 2 months were altered by 
steroids, which appear to be safe but ineffective. 
This contrasts with the treatment of patients with 
more chronic demyelinating neuropathies, which 
respond well to steroids. This lack of response to 
steroids is not easily explained, and it may be that 
any benefit that steroids have in reducing inflam- 
mation is outweighed by some other untoward 
effect on repair processes. A single pilot study 



Study 


n MeM(SD) 




GBS Steroid 1 993 


124 0.80(1.14) 




Hughes 1978 


21 0.24(0.94) 


19 


Shukla 1988 


6 0.67(1.75) 


8 


Total (95%CI) 


151 


145 



75.0 0.070 [-0.227, 0.367] 

22.4 -0.500 [-l.042,0.0421 

2.6 -0.210 1-1.814,1.3941 

100.0 -0.065 1-0.322,0.1921 



-1 -0.5 0 0.5 1 
Control CorticoMcr.ml 

Figure 1. Clinical trials of steroids in Guillain-Barre syndrome. Mean disability grade at 4 weeks. 
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addressing combined treatment with methyl pred- 
nisolone and intravenous immunoglobulin was 
not included in the Cochrane analysis because it 
was not randomized, but suggested a possible 
advantage. A randomized study has recently been 
presented but not yet published 14 that just fails to 
find an significant advantage to the combination. 
Post hoc manipulation of the data for known risk 
factors does suggest an advantage to combination 
therapy, but such analyses are known to be rather 
unreliable and can be misleading. 



Plasma exchange 

The value of plasma exchange has been addressed 
in six randomized studies, again reviewed by the 
Cochrane collaboration. 15 " 20 Overall, 649 patients 
received plasma exchange, and these were com- 
pared with supportive treatment alone, since PE was 
the first treatment shown to be effective in GBS 
(Figure 2). The time to recover to walking with aid 
was significantly shortened in the PE group in two 
trials (30 vs. 44 days, p<0.01). The number of 
patients that improved one or more grades was 
available in five trials and gave a relative risk of 1 .7 
(95%CI 1.42-2.03, p<0. 00001) in favour of 
plasma exchange. Similarly there was significant 
improvements in time to recover walking without 
aid, percentage of patients requiring artificial 
ventilation, duration of ventilation, and severe 
sequelae at one year. The Cochrane review points 
out that PE is the only treatment for CBS found to be 
superior to supportive treatment, and therefore 
should be the standard against which new treat- 
ments such as intravenous immunoglobulin should 
be judged. 19,20 

Two trials have compared the number of 
different exchanges required for a beneficial 



effect. Some 304 patients unable to stand unaided 
were randomized to either four or two exchanges. 
The median time to recover walking with assistance 
was significantly shortened in the group receiving 
four exchanges compared to two exchanges (24 vs. 
20 days, p = 0.04). Significant shortening was also 
seen in this group in the median time on the 
ventilator and the median time to hospital dis- 
charge. At 12 months, there was also a higher 
proportion of patients that had recovered full 
muscle strength among those treated with four 
exchanges. This benefit of four rather two 
exchanges was accompanied by a slightly increased 
incidence of blood pressure instability and haema- 
tomas, although these were not considered suffi- 
ciently severe to outweigh the advantage of the 
extra exchanges. In a second trial the same authors 
examined six versus four exchanges in patients 
whose disease was severe enough to require 
mechanical ventilation at entry. No difference in 
efficacy was observed between these two groups, 
but adverse events were more frequent in the six- 
exchange group, with significantly greater blood 
pressure instability in this group (46% vs. 26%, 
p = 0.001) and slightly more deaths in this group 
at one year (4/80, 5% vs. 2/81, 2%; p = 0.44. 
From this data it appears that four exchanges 
are better than two for moderate disease, and 
two sessions suffice for patients with only mild 
disease. 

PE has also been compared to CSF fluid filtration 
in a single randomized trial. 21 In this trial, 20 
patients were assigned to PE (five or six sessions) 
and compared with 17 patients treated with CSF 
filtration. The CSF filtration consisted of five or six 
cycles of 30 to 50 ml of CSF filtered and reinstilled 
daily for 15 days. Median improvement of clinical 
grades was not significantly different at four weeks, 
nor was there any significant advantage to CSF 



Study 



Odds Ratio (Fixed) 95<*CI Weight % Odds I 



Greenwood 1984 
McKhann 1985 
Osterman 1984 
Raphael 1987 
Raphael 1997 



64/122 
14/18 
67/109 
26/45 



2.22 10.42, 11. 83 J 
1.78[1.07, 2.97] 
8.17 [1.89, 35.38] 
2.72 11.58,4.70] 
3.47 [1.45, 8.32] 

2.49 [1.80, 3.441 



0.1 0.2 1 5 10 

Favours control Favours treatment 

Figure 2. Plasma exchange in Guillain-Barre syndrome. Proportion of patients improving one grade at 4 weeks. 
From the Cochrane Library, 9 reproduced with permission of Update Software. Cochrane reviews are regularly 
updated as new information becomes available and in response to comments and criticisms. The reader should consult 
The Cochrane Library for the latest version of a Cochrane Review. Information on The Cochrane Library can be found at 
[www . u pd a te-sof twa re . co m ]. 
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WMD (Fixed) 95%C1 Weight % WMD (Hxed) 95% CI 



130 -0.80(1.30) 



-1 -0.5 0 0.5 1 
Favours Ivkj Favours PF 

Figure 3. Intravenous immunoglobulin vs. plasma exchange in Guillain-Barre syndrome. Change in disability grade at 
4 weeks. 



filtration. This trial was quite small, so clear 
conclusions on the value of CSF filtration cannot 
be made, but as yet there seems no good evidence 
to use this treatment. 



insufficient evidence that their use in combination 
with immunoglobulin is effective. Other treatments 
such as CSF filtration remain experimental and 
unproven. 



Intravenous immunoglobulin 

Intravenous immunoglobulin (IVIg) was introduced 
for the treatment of auto-immune thrombocyto- 
paenia 22 and tried for the treatment of chronic 
inflammatory demyelinating polyneuropathy. 23 A 
favourable response in patients with GBS was 
reported in 1988 24 and led to the first randomized 
controlled trial. A meta analysis of IVIg for CBS 
found three randomized trials that compared IVIg 
with PE 25 ' 26 and the only trial comparing Ivlg with 
supportive treatment was considered inadequate to 
establish its value. 27 

IVIg appeared beneficial in all three randomized 
controlled trials (Figure 3). Two of these trials could 
be combined in a meta-analysis to give 398 
patients, and the value of IVIg assessed on the 
basis of a change in disability scale employed in 
previous studies. There was no significant differ- 
ence between IVIg and PE in change of disability 
grade, nor in time to walk unaided, mortality, 
or proportion of patients unable to walk at one year. 



Conclusion 

Good quality intensive care remains the most 
important aspect of the management of the severe 
case of GBS. Clinical trials indicate that plasma 
exchange is more effective than supportive treat- 
ment alone in reducing the median time taken for 
patients to recover. Intravenous immunoglobulin 
appears as effective as plasma exchange and may 
have fewer side-effects. Corticosteroids alone do 
not alter the outcome of GBS, and there is 
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Abstract 

Genetically engineered strains of mice, modified by transgenesis or gene targeting ("knockouts") are being generated at an impressive 
rate and used, among other areas, as premiere research tools in deciphering the genetic basis of behavior. As behavioral phenotyping 
strategies continue to evolve, characterization of these "designer" mice will provide models to evaluate the efficacy of new pharmacological 
and gene therapy treatments in human hereditary diseases. Reported behavioral profiles include aberrant social, reproductive, and parental 
behaviors, learning and memory deficits, feeding disorders, aggression, anxiety-related behaviors, pain/analgesia, and altered responses to 
antidepressants, antipsychotics, ethanol, and psychostimulant drugs of abuse. The Induced Mutant Resource (IMR) at The Jackson 
Laboratory (TJL, Bar Harbor, ME, USA) imports, cryopreserves, develops, maintains, and distributes biomedically important stocks of 
transgenic and targeted mutant mice to the research community. Information on neurological/behavioral strains — including behavioral 
performance, husbandry requirements, strain availability, and genetic typing protocols — is provided through the IMR database (http:// 
www.jax.org/resources/documents/imr/). A catalog of available strains is readily accessible via the JAX® Mice website at http:// 
jaxmice.jax.org/index.shtml. In addition, TJL is now host to TBASE (http://tbase.jax.org/), a comprehensive, public-domain database with 
primary emphasis on mouse knockouts. TBASE contains an exhaustive list of knockout-related citations and provides an extensive 
phenotypic characterization of numerous behavioral mutants that is extracted directly from the literature. Present efforts to merge the two 
resources into a novel, schematically enhanced database, provisionally named Transgenic and Targeted Mutation Database (TTMD), will be 
briefly discussed. © 2001 Elsevier Science Inc. All rights reserved. 

Keywords: Database; Transgenic; Knockout; Mice; Phenotype; Behavior; Strain availability; IMR; TBASE 



1. Introduction 

Recent advances in experimental manipulation of the 
mouse via transgenesis and gene targeting ("knockout" 
technology) have provided powerful probes into sophisti- 
cated biological systems such as gene interaction and 
molecular regulation of complex neurophysiology and 
behavior. Traditionally, genetic approaches toward analyz- 
ing mouse behavior have focused on preexisting, "natural" 
genetic differences amongst laboratory inbred strains. 
Although the development of quantitative trait loci 
(QTL) methodology using recombinant inbred strains, 
has extended genetic analysis to the more common com- 
plex traits diseases, the molecular identification of the 
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gene(s) involved in complex behavioral and drug- 
response traits is still a major challenge. Targeted germline 
mutations offer premiere research tools for deciphering the 
genetic basis of mammalian behavior. As more and more 
technological limitations are circumvented, these sophisti- 
cated animal mutants provide alternative means for testing 
pharmacological interventions, evaluating constructs for 
gene therapy and identifying modifier loci that dictate 
phenotypic severity. A number of excellent reviews have 
been published on behavioral transgenic and knockout 
mice, addressing the latest developments in experimental 
design and phenotyping strategies [8,14,17,36,43,64, 
65,72,73,90,98]. Many of them emphasize the need for 
exten sive knowledge of the endogenous traits of inbred 
mousejjlrains, and the i mportance of selecting an optimal 
inbred background lhat i- least expc.:ted u- compromise 
the inter pretation ol the ni Ia j LunM^ie'uJTJgi^ 
x'h'ivioml task. 
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Year 



Fig. 1 . Literature citation trends for transgenic and targeted mutant mice 
("knockouts"). Current values (1985-August 15, 2000) were obtained by 
searching Medline. Projected values (August 15, 2000-2005) were 
generated utilizing historical rates and trends for transgenic and knockout 
publications. Polynomial regression trendlines in this chart represent two 
orders of freedom. 

Considering the hundreds of known genes now amenable 
to gene targeting (Fig. 1), it is not surprising to see an 
extremely rapid increase in the number of mouse mutant 
strains with behavioral manifestations. Accordingly, a spec- 
tacular number of knockouts have been generated for genes 
expressed in the central nervous system (CNS) (Fig. 2). 
Behavioral neuroscientists are currently analyzing the phe- 




Fig. 2. Literature citation trends for CNS-related transgenic and targeted 
mutant mice ("knockouts"). Current values (1985-August 15, 2000) were 
obtained by searching Medline. Projected values (August 15, 2000-2005) 
were generated utilizing historical rates and trends for CNS-related 
transgenic and knockout publications. Polynomial regression trendlines in 
this chart represent two orders of freedom. 



Table 1 

The number of publications citing either transgenic or knockout mice li< 
by behavioral phenorype" 



Behavioral phenotype 



Transgenic mic 


e Knockout mice 


Aggression 


29 


39 


Alcohol response 








2 




Despair 
Epilepsy 


51 


1 

69 


Fear 


21 


35 


Feeding 


21 


39 


Learning 


189 


238 


Maternal behavior 


8 


22 


Memory 


361 


234 


Motor capabilities 


445 


298 


Pain 


38 


92 


Stress 


336 


314 


* Current values (1985-August 15, 2000) 
Medline and include review articles. 


vere obtained by searching 



notypic profiles of these extraordinary mice (Table 1). The 
emergence of conditional knockouts designed to restrict the 
effects of a given mutation to a specific developmental stage 
and/or one cell type using Cre/LoxP-mediated recombina- 
tion will undoubtedly have a considerable impact on the 
data growth and future direction of behavioral genetics. 
Indeed, one limitation to these studies may be the logistics 
of maintaining the large number of mouse strains that will 
be generated from targeted embryonic stem (ES) cells, and 
from interbreeding targeted strains with one another, with 
existing transgenic mice, and with naturally occurring 
mutant strains. The very success of these genetic manipu- 
lations has raised important issues pertaining to the access 
and availability of popular knockout and transgenic animals, 
as well as the availability of Internet resources designed for 
the storage and organization of experimental data about 
them [5]. 

Internet resources dedicated to the accumulation and 
dissemination of data on transgenic and knockout mouse 
models at The Jackson Laboratory (TJL) are presented in 
Table 2. The general scope, contents, and search capabil- 
ities of each resource are discussed in the following 
sections in relevance to mouse behavioral profiles. Addi- 
tional Internet resources describing murine behavioral 
phenotypes are recommended in Table 3. The majority of 
these sites do not require subscription and represent com- 
munity databases focusing on specialized methodologies 
including Cre/LoxP-mediated recombination, gene trap 



Table 2 

Transgenic and knockout Internet 
Internet resource Home page address 

IMR http://www.jax.org/resources/documents/imr/ 

JAX® Mice http://jaxmice.jax.org/index.shtml 

JAX® GEMM® http://jaxmice.jax.org/html/pricelist/jaxgemmstrains.shtml 
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Table 3 

Additional transgenic and knockout databases lis 

Transgenic/knockout database 

BioMedNet Mouse Knockout Database 

Cre Transgenic and Floxed Gene Database 

Database of Gene Knockouts 

Sinai's Mammary Transgene Database 

Skarnes Resource of Gene Trap Insertions 

The Big Blue website 

The Whole Mouse Catalog 



insertions, and genomic integration of the bacterial lacZ or 
lad genes. 



2. Availability and phenotypic characterization of 
behavioral mouse mutants at TJL 

2.1. The Induced Mutant Resource 

The Induced Mutant Resource (IMR) at TJL was estab- 
lished in 1 992 and serves as the US National clearing house 
for the collection and distribution of genetically engineered 
strains of mice. These include biomedically valuable strains 
of mice altered by transgenesis, gene targeting, and chem- 
ical mutagenesis [82,83]. The function of the IMR is to 
(1) select stocks of transgenic, targeted, and chemically 
mutagenized mice in high demand, (2) import these stocks 
into TJL by rederivation procedures that free them of any 
pathogens that they might harbor, (3) cryopreserve embryos 
from these stocks to ensure protection against accidental 
damage and genetic contamination, (4) backcross the muta- 
tion onto an inbred strain, if required, and (5) distribute 
them to the scientific community. Information collected 
about mutants considered for admission is presented to an 
internal Laboratory Committee, The Genetic Resources 
Committee. The ultimate decision on accepting a candidate 
strain rests with this committee, which meets on a monthly 
basis. Criteria for selecting mutants are based on existing 
guidelines for importing mice to the laboratory's Genetic 
Resources. These criteria include: (a) the immediate demand 
for use in biomedical research, (b) the numbers of requests 
for animals being received by the original investigators, (c) 
the potential for future research, (d) the time and effort 
needed to replace or recreate the mutant or strain; finally, (e) 
the uniqueness of the "designer" mutation or strain. Poten- 
tial IMR strains are identified by direct submissions from 
their original creators, recommendations from the IMR 
Advisory Board or Associated Board Members, suggestions 
from scientists, and from literature searches. 

As this paper went to press, the IMR had accepted a 
cumulative total of 737 strains, with over 495 of these 
currently available, 49 undergoing rederivation, and 112 
available from frozen embryos. The IMR currently accepts 
approximately seven new strains each month. The average 
time to level 4 distribution ("available as breeder pairs or 



Home page address 

htqi^/research.brnn.com/mkmd 

http://www.mshri.on.ca/nagy/cre.htm 

http://www.bioscience.org/knockout/knochome.hrm 

http://mbcr.bcm.tmc.edu:80/BEP/ERMB/mtdb.httnl 

http://socrates.berkeley.edu/~skames/resource.htnil 

http://eden.ceh.uvic.ca/bigblue.htm 

http://www.rodentia.com/wmc/ 



individual mice") is approximately 7 months following 
strain arrival at the Importation Facility. Circumstances such 
as the number of animals initially received for the hyster- 
ectomy derivation process, the genotype of these animals, as 
well as their breeding capacity in isolators, determines the 
actual time to reach distribution. 

The IMR maintains an accompanying online database to 
provide information about these strains (Table 2). In partic- 
ular, the IMR database stores data on 96 neurological/ 
behavioral mouse models: of these, two have been gener- 
ated by chemical mutagenesis, 1 1 by transgenesis, and 83 
by homologous recombination in ES cells, with several 
strains distributed on more than one genetic background. 
Information furnished about each strain includes stock 
number, gene symbol and name, chromosomal location, 
genetic background, and primary reference(s). A link to 
Mouse Genome Database (MGD, http://www.informatics. 
jax.org/) is also provided for each mutant. Additional 
information encompasses: genetic typing protocols; infor- 
mation data sheets, including a synopsis of behavioral 
performance; husbandry requirements; guidelines on licens- 
ing and patent restrictions, if applicable; access to technical 
support via micetech@jax.org; and, finally, electronic forms 
for direct strain submission. 

A current catalog of available strains is readily accessible 
via the JAX® Mice website (Table 2). Among other useful 
links, this site provides a price list and complete product 
guide related to selecting, ordering, and using JAX* Mice. 
Specifically, Genetically Engineered and Mutant Mice 
(JAX® GEMM® Strains; Table 2) are searchable by muta- 
tion type (transgenic, targeted, or chemically induced). In 
addition, mouse models that are relevant to neurobiology 
research are listed by behavioral phenotype at http.7/ 
jaxmice.jax.org/jaxmicedb/html/sbmodel_13.shtml. As 
always, strain availability information is accompanied by 
stock number, official transgenic or knockout strain nomen- 
clature, genetic background, and standard supply data, as 
well as pricing and gender/genetic typing details. 

2.2. The database of transgenic animals and targeted 
mutations (TBASE) 

TBASE is the original community database that maintains 
comprehensive and current coverage of all transgenic ani- 
mals and targeted mutants generated worldwide. Originally 
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existing as a flat file database [99], TBASE was successfully 
adopted by and released as a World Wide Web interface from 
the Division of Biomedical Information Sciences at The 
Johns Hopkins University in early 1994. Details on the 
implementation of its relational schematic design have been 
reported elsewhere [5]. Presently hosted at TJL (Table 2), 
TBASE continues to serve as a dynamic, central repository 
that ensures free, systematic access and direct communica- 
tion of data on transgenesis and gene targeting [37,63,99]. 
Because the human genome initiative has accentuated the 
significance of the mouse as the predominant mammalian 
model system, special emphasis has been placed on mouse 
knockouts. Spontaneous and chemically induced mutants are 
presently excluded from the database. 

At its fundamental level, TBASE stores the exploding 
data on the production and characterization of transgenic 
animals and targeted mutants. It contains information per- 
taining to the experimental methodologies and techniques 
used to produce them, and phenotypic attributes, as well as 
any applications that they may have in specific research 
fields. In contrast to the IMR database, TBASE is predom- 
inantly populated by literature scanning, that is, direct data 
extraction from the scientific literature through regular 
examination of relevant journals. Active literature scanning 
continues to be the primary mode of data accumulation, and 
ensures that the database faithfully reflects the general 
direction of research on transgenesis and gene targeting. 
Following selection of material, pertinent data are then 
manually entered in the database. In an effort to avoid 
missing important data, keyword-related references from 
specialized journals are periodically screened. Relevant 
references are loaded directly from Medline into an auton- 
omous citation database (TBASE CitDB), which is updated 
on a weekly basis and ultimately represents an exhaustive 
bibliographical resource for transgenic and knockout exper- 
imentation. Importantly, TBASE accounts for both pub- 
lished and unpublished material, so that data that are 
unavailable in the literature may be accessed, and duplica- 
tion of time-consuming and costly experiments can be 
avoided. Unpublished material is entered in the database 
as a "personal communication" with a specified contact 
person. Inclusion of such information is considered a public 
disclosure, and TBASE can be cited as a source when 
referencing a novel mutant not described in the literature 
[37,99]. 

Importantly, TBASE provides an extensive, detailed 
phenotypic characterization of mouse mutants, accommo- 
dating subtle phenotypic alterations in addition to prom- 
inent or fully penetrant abnormalities. Experimental design, 
evaluation of general health, sensory and motor functions, 
as well as descriptions of specific behavioral paradigms are 
incorporated, if noted in the original article. Furthermore, 
TBASE presents conclusive remarks and provides direct 
reference to the designated corresponding author, who may 
furnish details about generating or acquiring a maintained 
strain not available through the IMR. (So far, information 



on maintenance and availability of mutant mouse stains 
has been generally scarce in TBASE, as it does not appear 
systematically in the literature.) In addition, the TBASE 
database describes "related" mutant strains (parental and 
derived), as in the case of "multiple" transgenics or 
knockouts, and incorporates an "Application" field that 
briefly describes any relevance for therapeutic or research 
value. Notably, all mutants heterozygous for a given 
targeted allele are cataloged independently of their homo- 
zygous null counterparts, since they often display remark- 
able phenotypes. To illustrate, mice heterozygous for a Nfl 
(neurofibromatosis type 1) targeted allele (TBASE:4217) 
exhibit learning and memory deficits that are restricted to 
specific types of learning, are not fully penetrant, and do 
not involve deficits in simple associative learning [85]; 
Emxl heterozygotes (TBASE:3950) show partial pene- 
trance for the corpus callosum abnormality encountered 
in Emxl-xmW mice (TBASE:3951) [75]; finally, loss of 
neurotrophin-3 leads to significant retardation in sponta- 
neous hair follicle regression (catagen) in newborn Nt/3 
heterozygous mutants [20b]. 

Two additional TBASE features highlight the importance 
of cataloging knockout mice as putative models for human 
genetic disorders. The first one entitled It's a Knockout! is a 
quarterly column that provides a concise phenotypic profile 
of the latest mouse knockouts (http://tbase.jax.org/docs/ 
knockout.html). Each column is in fact an electronic adjunct 
of a quarterly printed contribution to Trends in Genetics [37]. 
The second feature entitled Knockout Model of the Month is a 
monthly report describing a new mutant with an unusual or 
previously unsuspected phenotype (http://tbase.jax.org/docs/ 
monthly.html). Both features contain selected bibliography 
and numerous links to related electronic sites as well as to 
genomic or specialized databases including IMR, MGD, The 
National Center for Biotechnology Information (NCBI) 
Locus Link (http://www.ncbi.nIm.nih.gov/LocusLink/ 
index.html), Online Mendelian Inheritance in Man (OMIM; 
http://www3.ncbi.nlm.nih.gov/omim/), Genome Database 
(GDB, http://gdbwww.gdb.org/), and GeneCard (http:// 
bioinfo.weizmann.ac.il/cards/). Behavioral and neurological 
targeted mutants that have been presented in this section 
include: the Htr lb [5-hydroxytryptamine (serotonin) receptor 
IB] knockouts (TBASE:3922) shown to display aggression 
and reduced sensitivity to ethanol-induced ataxia (http:// 
tbase.jax.org/docs/serotonin.html); the Otxl (orthodenticle 
homolog 1 homeobox) knockouts (TBASE:4075) displaying 
spontaneous seizures and brain malformations (http://tbase. 
jax.org/docs/epilepsy.html); the Fmrl (fragile X mental retar- 
dation syndrome 1 homolog) knockouts (TBASE:4389) 
exhibiting altered dendritic spine morphology and density, 
as well as the behavioral deficits and macroorchidism noted 
in the human Fragile X syndrome (http://tbase.jax.org/docs/ 
fragile.html); the socially inept Dvll (dishevelled 1 ) knock- 
outs (TBASE:4524) showing sensorimotor gating deficits 
(http://tbase.jax.org/docs/Dvll.html); and the hyperactive 
Datl (dopamine transporter 1) knockouts (TBASE:5023) 
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Table 4 

Neurological and behavioral mouse models listed in IMR and TBASE 
Gene'' IMR strain/stock number TBASE ID 



Knockout phenotype 



Absence of a-bungarotoxin binding sites and hippocampal 



B6, 1 29-Gabrd unlOcl 7003725 



STOCK Drdla m,1Jcd /002322 3299, 3300, 

3310, 3311 

C57BL/6J-Drd 1 a" 1 1 Jcd /0029S9 



Aberrant social reproductive, and parental behaviors 
Acvr2a B6,129-Acvr2 tralZul 7003277 
Fosb BALB/c,129-Fosb" nIMe V003077 



B6,129S-Gabrb3 tm 



Sodl 

Sp4 



,129S-Nosl w " p,1 7002633 



STOCK Spr^'^/OOSm 



/ > , i ' dcji 

Apoe C57BL/6J-Apoe m " 



C57BL/6-Camk2a™ 1 /002362 



FVB, 1 29P-Fmrl ,m ICe 7002700 

FVB/NJ-Fmrl ,mlCs 7003024 

C57BL/6J-Fmrl m,1CE 7003025 

B6,129Xl-Fos™' p 7002099 



B6,129S-Fos lra,p 7002293 
STOCK Fos m,,p 7003286 
129-Fyn ttnls< '7002271 

B6, 1 29-Gabrd m,Ocl 7003725 

STOCK Gprcld m " Hp 7003576 
STOCK Gria2 ,mlRad /0029 13 



C57BL/6J-Gria2 tmIRo 7003 1 43 



2764, 2765, 
2829, 3065, 
3634 



750, 752, 
753, 755, 
955, 956, 
1163, 5099 
2082, 2083, 
2507, 2508 



188, 2561, 
2562, 3623, 
4149 



[25] 
[59] 



[24] 
[38] 



Selective attenuation of responses to neuroactive steroids, 
but no t to other modulatory drugs. Electrophysiological 
recordings from hippocampal slices reveal a faster 
miniature inhibitory postsynaptic current decay time, with 
no change in miniature inhibitory postsynaptic current 
amplitude or frequency. See Learning and memoiy deficits. 
Retained cocaine conditioned place preference. 
See Motor/coordination/balance impairments. 



[57] Defective reproductive performance. 

[10] Profound deficiency in nurturing ability. Normal cognitive 

and sensory functions. 
[30a] Neonatal mortality often accompanied by cleft palate. 

Surviving mice are fertile but mothers fail to nurture 

offspring. See Motor/coordination/balance impairments 

and Seizures. 

[35] Increase in aggressive behavior and excessive, inappropriate 

sexual behavior. See Aggression and Miscellaneous. 



Female infertility. Ovaries often display many primary and 
small antral follicles but few corpora lutea. 
Neonatal death. Surviving homozygous null males do not 
breed, despite presence of histologically intact testes and 
mature sperm. Failure to copulate. 



[74,94,95] Altered responses to stress, impaired spatial learning and 
memory, altered LTP, and synaptic damage. 



Absence of neuroanatomical defects, normal behavior, and 
normal postsynaptic mechanisms. Inability to produce Un- 
suitable model for studying the relation between LTP and 
learning processes. See Seizures. 
Model for Fragile X syndrome: learning deficits, and 
hyperactivity. See Miscellaneous. 



Blunted LTP, impaired special learning, and altered 

hippocampal development. 

Normal learning and memory assessed with fear 

conditioning. See Altered responses to drugs of abuse. 

Altered spatial learning and memory. 

Enhanced and nonsaturating LTP in the CA1 region of 

hippocampus, with high increase in Ca2 + permeability ir 



na] e: 



ability and paired-pulse facilitation. See 
Motor/coordination/balance impairments. 



{continued on next page) 
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IMR strain/stock number 
STOCK Grm4 K " 1H| "7003576 



6,I29-Grm5 u " 1R °7003121 



Ncam C57BL/6-NcanT 1Cs 7002405 
Nfl C57BL/6-NfT IF< 7002646 



Pkcc B6,129P-Pkcc m,s 7002466 



Rab3a B6,l29S-Rab3a ,mISud /002443 
Synl B6,129S-Synl un!Sud /002444 



Syn2 B6,129S-Syn2 nnKSu 7002477 



6,129S-Sytl u " 1Su 7002478 



TBASE ID Reference Knockout phenotype 

none [70] Inability to leam complex motor tasks. Impaired paired-pulse 

facilitation and posttetanic potentiation. Normal LTD. See 
Motor/coordination/balance impairments. 

none [53] Significant reduction of LTP in the NMDA 

receptor-dependent pathways (CA1 region and dentate gyrus 
of the hippocampus); intact LTP in the mossy fiber synapses 
on the CA3 region, an NMDAR-independent pathway. 
Aberrant acquisition and use of spatial information in both 
the Morris water maze and contextual information in the 
fear-conditioning test. 

1013, 1015 [15] 10% reduction in overall brain weight and a 36% decline in 

size of olfactory bulb. Deficits in spatial learning (Morris 
water maze). Normal activity and motor abilities. 

4217 [85] Learning and memory deficits in Nfl heterozygotes are 

restricted to specific types of learning, they are not fully 
penetrant, and can be compensated for with extended 
training. No deficits in simple associative learning. 
See Miscellaneous. 

1050, 1052, [2] Modified LTP of synaptic transmission in the 

1056, 1058, hippocampus. Normal LTD and paired-pulse facilitation. 

4162, 4650 Mild deficits in spatial and contextual learning. 

See Response to ethanol and 

Motor, 'coordination/balance impairments. 

3267,3269, [23a] No alterations in a variety of short-term plasticities. 

5480 Abolished LTP at mossy fiber synapses. 

none [78] Selective increase in paired pulse facilitation. No 

alterations in other synaptic parameters such as 
LTP. The number of vesicles exocytosed during 
brief action potential trains and the total recycling 
vesicle pool are significantly reduced. 

none [77] Decreased posttetanic potentiation and severe synaptic 

depression upon repetitive stimulation. Intrinsic 
synaptic vesicle membrane proteins, but not 
peripheral membrane proteins or other synaptic 
proteins are slightly decreased. 

none [23b] Neonatal death. The synchronous, fast component of Ca 2T - 

dependent neurotransmitter release is decreased, whereas 
asynchronous release processes, including spontaneous 
synaptic activity (miniature excitatory postsynaptic current 
frequency) and release triggered by hypertonic solution or 
a-latrotoxin, are unaffected. 



Feeding disorders 

Grpr B6,129X-Grpr m,!Jft /003126 none 

Htr2c C57BL/6-Htr2c ,m!,ul /002627 4112, 5482 

Ntrk2 B6,129S-Ntrk2 ,m,Bb 7002544 1023, 1025 

C57BL/6J-Ntrk2 TO,Bb 7003098 



[27] Loss of bombesin-induced feeding suppression. 

[91] Increased weight as a result of abnormal control of feeding 

behavior. See Seizures. 
[45] Absence of feeding activity (sucking pattern). Neonatal 

death. See Miscellaneous. 



2764, 2765, 
2829, 3065, 
3634 



Increase in aggressive behavior and excessive inappropriate 
sexual behavior. See Aberrant social, reproductive, and 
parental behaviors and Miscellaneous. 



C57BL/6J-Drd3 m " 



Evidence for reduced anxiety in the 
open-field and the elevated plus-maze test. 
See Motor/coordination/balance impairments. 



(continued on next page) 
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IMR strain/stock number 



Knockout phenotype 



Normal analgesia in response to morphine, indicating the 
presence of functional mu-opiate receptors. Absence of 
opioid (naloxone reversible) analgesia induced by mild 
swim stress. Enhanced nonopioid analgesia in response to 
cold water swim. Paradoxical naloxone-induced analgesia. 



Gabrg2L B6,129-Gabrg2L o " 1Gd 7003 137 



Pkcc B6,129P-Pkcc tralSt! /002466 



Motor/coordination/balance impairments 
Aga STOCK Aga mlvk /003463 



Calbl 
Cstb 



C,129-Atf2' mlG " , 7002419 
STOCK Bdnf mUi " ; /002267 



B6,129S4-Bdnf mlJ "7002266 
B6, 1 29-Calb 1 Moi 7003079 



129/SvJ-Cstb ,ralRm /003486 



STOCK Drdla' mUc 7002322 



B6,129S-Fos u " lp 7002293 
STOCK Fos"""'7003286 
B6,129S-Gabrb3 lmlGcl, /002711 



Normal cerebellar cytoarchitecture. Normal neuronal 
pathway mediating the hypnotic effect of ethanol and its 
antagonism by Rol5-4513. Normal behavioral re 
general anesthetics or pentobarbital. 
Normal behavioral effects of ethanol: sleep tii 
anxiolysis, acute functional tolerance, chronic 



hyperexcitability, and hyperlocomotor activity 
remain unaffected. 

1050, 1052, [2] Reduced sensitivity to the effects of ethanol on loss of 

1056, 1058, righting reflex and hypothermia. Normal responses to 

4162, 4650 flunitrazepam or pentobarbital. Altered function of 

7-aminobutyrate type A receptors. See 
Learning and memory deficits and 
Motor/coordination/balance impairments. 



none [40] Model for the human lysosomal disease, 

aspartylglycosaminuria, and impaired 
neuromotor coordination. 

3149,3150 [76] Gait, hyperactivity, and decreased hearing. Reduced 

numbers of cerebellar Purkinje cells, atrophic vestibular 
sense organs, and enlarged ventricles in the brain. 

1 1 49, 1 1 5 1 , [20a] 

3199 excessive degeneration in several sensory ganglia 

including the vestibular ganglion; suppressed development 
of kindling heterozygous null mice. See Seizures. 

none [4] Impaired motor coordination and ataxia. Altered dendritic 

calcium signaling. 

5014, 5015 [71] Ataxia and symptoms reminiscent of the human 

Unverricht-Lundborg disease. Loss of cerebellar granule 
cells with features of apoptosis. See Seizures. 
3299, 3300, [18] Normal coordination and locomotion with significant 

3310, 3311 decrease in rearing behavior. Selective functional alterations 

in the striatal neurons giving rise to the direct striatal 
output pathway. See Altered responses to drugs of abuse. 

none [3] Hyperactivity and increased locomotor activity and rearing 

behavior. Mice heterozygous for the D3 receptor mutation 
show similar, albeit less pronounced, behavioral alterations. 
See Anxiety-related behaviors. 

188, 2561, [39] Pleiotropic effects including hyperactivity and diminished 

2562, 3623, response to external stimuli. See Learning and memory 

4149 deficits and Seizures. 



Hyperactivity and hyperresponsiveness to human contact 
and other sensory stimuli, and circling. Lack of coordination. 
Difficulty in swimming, walking on grids, platforms, and 
rotarods. GABAA-mediated inhibition is nearly abolished in 
reticular nucleus, but unaffected in relay cells. Oscillatory 
synchrony during sleep is dramatically intensified. 
See Aberrant parental behaviors and Seizures. 



(continued on next page) 
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Akp2 



Gad2 
Camk2a 



Grik2 
Htr2c 



MR strain/stock number 
B6,129S-Gm2a ,mlR1| 7003177 



STOCK, Gria2 ,m ' Rod /0029 13 



B6, 1 29S-Hexb m ' Rlp /0029 14 



C3HeB/FeJ-Kcnal" n!Tc "7003532 
1 29/Sv-Kcne 1 m " s "7003009 



B6,129S-Llcam ,mlSo 7003120 
B6, 1 29S-Ntrk3'"" Bbd /00248 1 

B6,129P-Pkcc TOlsu /002466 
C57BL/6-Sod2 lmILib /002973 

B6,129-Akp2 tmlSo 70023 17 

129-Akp2 lmlSo 7002484 
C57BL/6J-Akp2' mlSo 7002741 
STOCK Bdnf " IJi "7002267 

B6,129S4-Bdnf" Uae /002266 
C57BL/6J-Gad2 ,m!Bl, 70036S4 

C57BL/6-Camk2a m, /002362 

129/SvJ-Cstb' mlR "7003486 

B6,129Xl-Fos ,ra,p 7002099 



B6,129S-Fos ,miP 7002293 
STOCK Fos un,p 7003286 
B6,129S-Gabrb3 OnlQ,:l 700271 1 



B6,129-Grik2 unls "V003254 
C57BL/6-Htr2c"" 1,ul /002627 



[52] 
[38] 
[70] 
[80] 



[87] 
[93] 



[12] 
[44] 



1050, 1052, [2] 
1056, 1058, 
4162, 4650 
3958, 3959 



[47] 



none [41] 

2082, 2083, [86] 

5014, 5015 [71] 

188, 2561, [97] 

2562, 3623, 

4149 



5433, 5434 [62] 



Knockout phenotype 

Unlike Tay-Sachs mice, Gm2a knockouts display marked 
ganglioside storage in the cerebellum and defects in 
i ! J i c ellaNet us 

Increased mortality, reduced exploration, and impaired 
motor coordination. See Learning and memory deficits. 



velty-induced exploratory 
coordination. See Learning and 



Normal motor activity, 
behaviors, and fine mo 
memory deficits. 

Progressive and profound neurologic disturbances and 
deterioration in motor and deterioration in motor function 
consistent with human Sandhoff disease. Extensive 
ganglioside storage in many areas of the CNS, including 
the cerebellum and spinal cord, both involved in 
motor function. 

Episodic ataxia/myokymia. See Seizures. 
Murine model for the Jervell and Lange-Nielsen 
syndrome. Classic shaker/waltzer behavior. 
See Miscellaneous. 

Defects in the guidance of corticospinal axons across the 
pyramidal decussation (a major motor control pathway 
projecting from the cortex to the spinal cord. 
Absence of la muscle afferent projections to spinal motor 
neurons. Fewer large myelinated axons in the dorsal root 
and posterior columns of the spinal cord. Abnormal 
movements and postures. 

Motor discoordination. Intact eyeblink conditioning. See 
Learning and memory deficits and Response to ethanol. 

Perinatal death. Progressive motor disturbances (weakness, 
rapid fatigue, and circling behavior). See Miscellaneous. 



Lethal seizures due to defective metabolism of vitamin B 
animal model for human hypophosphatasia. 



Suppressed epileptogenesis in heterozygous mutant mice. 
See Motor/cooidi t il , n 

Spontaneous seizures that result in increased mortality. 

Seizures can be precipitated by fear or mild stress. 

Profound hyperexcitability, evident in epileptic seizures 

involving limbic structures including the hippocampus. See 

Learning and memory deficits. 

Myoclonic seizures. Loss of cerebellar granule 

cells with features of apoptosis. 

See Motor/coordination/balance impairments. 

Impairment of structural and functional plasticities in the 

kindling model of epilepsy. See Learning and memory 

deficits and Motor/coordination/balance impairments. 



ptic seizures. See Aberrant 
parental behaviors and Motor/coordination/ 
balance impairments. 
Reduced susceptibility to kainate-induced 
seizures. See Miscellaneous. 
Spontaneous death from seizures. Extreme 
susceptibility to audiogenic seizures starting 
at 2-3 months of age. See Feeding disorders. 
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IMR strain/stock n 



Knockout phenotype 

Frequent spontaneous seizures throughout adult li 



CmoU FeJ-Kcna]"" 



. the CA3 



Miscellaneous 
Abcdl 


B6, 1 29-Abcd 1 m 1 ^1001 7 1 6 




[21] 


Adra2a 


C57BL/6-Adra2a" n 1 Ld /002777 
STOCK Adra2c"" iasb /002512 

C57BL/6J-Apob' mlUn 7002053 


4465, 4466, 
4467 
952, 954 


[55] 
[50] 

[31] 


Aim 


1 29S6/SvEvTac-Atm ,ral Aw 7002753 


3894, 3895, 
5221 


[6] 


Cdk5 


B6,129-Cdk5 mlKul /003536 


3966, 3967 


[66] 


CoI4a3 


129-Col4a3 mi,Dec /002908 




[13] 


Cp 


STOCK Cp tmlHl 7003582 


— 


[28] 


Crh 


B6,129S-Crh ,mlMaj /002783 


2253, 2254 


[61] 


Dabl 


CBy,129S4-Dabl lm,Cp 7003581 


4607, 4608 


[33] 


Drd2 


C57BL/6-Drd2 M!Low /003190 


none 


[42] 


Edn3 


129-Edn3 m,Yw 70025I6 


none 


V] 


Ednrb 


129/Sv-Ednrb m,1Yw 7002517 




[32] 


Emxl 


B6 ) 129-Ednrb"" 1Yw 7003295 
B6,129P-Emxl' mU 7003080 


3950, 3951 


[75] 


Enl 


STOCK Enl* mlAli /002656/003343 


2761, 2762 


[100] 


En2 


C57BL/6J-Enl m " Alj /003343 
B6,129S-En2 mlAlj /002657 


1198, 1200 


[60] 



Increased excitability in the CA3 re™.~... v .. . ... 

recurrent axon collateral system, perhaps contributing to the 
limbic and tonic-clonic components of the observed epileptic 
phenotype. SeeMotor/coordination/balance impairments. 



Absence of CNS impairment and neurological symptoms 
up to 6 months; development of VLCFA storage disease. 
Lack of hypotensive response to a2AR agonists. 
None noted. 

Exencephalus and hydrocephalus and 
hypobetalipoproteinemia. 

A paradigm of ataxia, telangiectasia (pleiotropic), growth 
retardation, neurologic dysfunction, male and female 
infertility defects in T lymphocyte maturation, and extreme 
sensitivity to gamma-irradiation. Malignant thymic 
lymphomas between 2 and 4 months of age. 
Abnormal corticogenesis, neuronal pathology and perinatal 
death. Lack of cortical laminar structure and 
cerebellar foliation. 

Progressive glomerulonephritis with microhematuria and 
proteinuria, consistent with the autosomal form of 
Alport syndrome. 

Mouse model for aceruloplasminemia: an inherited 
neurodegenerative disease with impairment of 
iron homeostasis. 

Impaired sexually dimorphic adrenal responsiveness to 
stress. Fetal glucocorticoid requirement for lung 
maturation, absence of adult glucocorticoid need. 
Anomalies in the development of the cerebrum, 
hippocampus, and cerebellum. Development of the 
mdabl-1 cerebellum parallels development of reeler. 
Chronic hyperprolactinemia and anterior lobe lactotroph 
hyperplasia without evidence of adenomatous transformation. 
Absence of hyperplasia of the intermediate lobe melanotrophs. 
Development of uterine adenomyosis in response to prolonged 
prolactin exposure in aged female knockouts. 
Aganglionic megacolon and pigmentary disorders. Putative 
model for the human Hirschprung's disease. 
Aganglionic megacolon associated with coat color spotting. 
Role for Ednrb in the development of two neural 
crest-derived cell lineages myenteric ganglion neurons and 
epidermal melanocytes. Putative model for a hereditary 
form of Hirschprung's disease. 

Absence of obvious behavioral defects. Nearly complete 
absence of corpus callosum. Heterozygotes show partial 
penetrance for the corpus callosum abnormality. 
Absence of most of the colliculi and cerebellum and the 
third and fourth cranial nerves in brains of neonatally 
lethal mutants. Deletion of mid-hindbrain tissue at E9.5. 
Disruption of patterning of the forelimb paws and 
m of the 13th ribs. 



Altered adult cerebellar foliation pattern. General 
development delay and abnormal formation of specific 
fissures with the most the severe morphological disruptions 
in the posterior region of the cerebellum. Possible lobe 
transformations. Delay in fusion of the cerebellar rudiments 
at the midline by 15.5 dpc. 
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!R sn !' i i , n ii ) ei 



FVB, 129P-Fmrl ,mlCg 7002700 



FVB/NJ-Fmrr ,1Cs 7003024 
CS7BL/6J-Fmrl <ml Cg 7O03025 
Gfap B6, 1 29S-Gfap ,m 1 Mc 7002642 



B6,129S-Gm2a unlRI| 7003177 



Hexa B6,129S-Hexa unlRll 7002367 



Hexb B6,I29S-Hexb" n,Rlp /002914 



Hprt B6.129-Hprt mlDeI 7003138 



Kcnel I29/Sv-Kcnel un 



Lift B6,129S-Lifr™ llra 7002402 

Mag STOCK Mag tn " Ro<1 /002403 

Mashl C57BL/6-Mashr m,A " d /002991 

Nfl C57BL/6-Nfi tra,F,: 7002646 

Ngfb C57BL/6-Ngfb <m, /003312 

Ngfr C,]29S-Ngfr ImlJo 7002124 



989, 991, 
4331,4332 
1164, 1166 



2124, 2125, 
3229 
930, 932, 
933, 934, 
1167,4067 



C57BL/6J-Ngfr" ,!lJa 7002213 



Knockout phenotype 

Embryonic demise at 10.5 dpc. Disruption in the 
development of paraxial mesenchyme, defects in the heart, 
somites, and cranial ganglia. Failure of peripheral nervous 
system to develop. 

Model for Fragile X syndrome. Aberrant dendritic spine 
morphologic development Impaired developmental 
organizational processes of synapse stabilization and 
elimination or pruning. Macroorchidism due to increased rate 
of Sertoli cell proliferation. See Learning and 
memory deficits. 



[58] Normal behavior and CNS morphology. Enhanced LTP of 

both population spike amplitude and excitatory postsynaptic 
potential slope in the CA1 region of the hippocampus. Role 
in astrocyte-neuronal interactions. 

[52] Neuronal storage in restricted regions of the brain 

(piriform, entorhinal cortex, amygdala, and hypothalamic 
nuclei) reminiscent of the asymptomatic Tay-Sachs model 
mice. See Motor/coordination/Mame impairments. 

[62] Altered synaptic physiology. See Seizures. 

[19] Hdh inactivation is embryonic lethal and does not mimic 

the neuropathology of adult Huntington's disease. 

[101] Murine model of Tay-Sachs disease. Age-dependent 

accumulation of GM2 ganglioside in restricted regions of the 
brain, including the cerebral cortex and CA3 region of the 
hippocampus. Presence of neurons widt membranous 
cytoplasmic bodies. Difference in the distribution of 
storage neurons suggesting a difference of ganglioside 
metabolism between humans and mice. 

[80] Progressive and profound neurologic disturbances and 

deterioration in motor and deterioration in motor function 
consistent with human Sandhoff disease. Extensive 
ganglioside storage in many areas of the CNS, including the 
cerebellum and spinal cord, both involved in motor function. 

[67] Progressive late onset neurological phenotype similar to 

human translated CAG repeat disorders. Neuronal 
intranuclear inclusions. Premature death. 

[93] Model for the Jervell and Lange-Nielsen syndrome. 

Mild cardiac cellular phenotype. Striatal marginal cells and 
the vestibular dark cells of the inner ear fail to generate an 
equivalent short circuit current in vitro, indicating a lack 
of transepifhelial K* secretion. See Motor/coordination 
balance impairments. 

[96] Disrupted placentation. Severe osteopenia of perinatal 

bone. Reduced numbers of astrocytes in spinal cord and 
brain stem. Metabolic defects. Perinatal demise. 

[49] Myelination and its compaction are normal. Aberrant 

organization of the periaxonal region. Subtle intention tremor. 

[26] Severe impairment of the olfactory epithelium and 

sympathetic, parasympathetic, and enteric ganglia. 

[9] Partial recapitulation of the human Von Reckinghausen 

neurofibromatosis or neurofibromatosis type 1 disease. 
Overgrowth of the paravertebral and the prevertebral 
sympathetic ganglia. See Learning and memory deficits. 

[16] Perinatal loss of sensory and sympathetic neurons. Normal 

development of basal forebrain cholinergic neurons. 

[48] Deficits in the peripheral sensory nervous system. Altered 

response to NGF but not to other neurotrophins. Pineal 
glands lack innervation and sweat gland in 
absent or reduced in particular footpads. 
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Table 4 (continued) 



ItvfR strain/stock number 
B6,129S-Nosl u,,,wl 7002633 



Ntrk ] B6, 1 29S-Ntrk 1 lmlBb 7002480 



i,129S-Ntric2 cmlBt '7002544 



Pip 
Psap 



C57BL/6J-Ntrk2 ,ml BM /003098 
B6,129-Plp tmlKiI 7003255 
C57BL/6J-Psap lml Su 7002792 



B6,129-Psenl m,i,i, 7003615 

B6, 129X-Snca lm ' R< "7003692 
C57BL/6-Sod2 unlub /002973 



Tcfap2a BALB/c-Tcfap2a tmUa 7002794 



Twist C57BL/6J-Twisr IBh 7002222 



Abbreviations: CNS = central nervous system; 
term depression; LTP= long-term potentiation; 
SAP =sphingo lipid activator protein; TBASE ID: 

" Gene symbols are taken from the MGD dat 



2764, 2765, 
2829, 3065, 
3634 



[46] 
[22] 



4398, 4399 [84] 



3958, 3959 [47] 



4023, 4024 [81] 



4116,4133 [11] 



Knockout phenotype 

Grossly normal appearance, locomotor activity, breeding, 
LTP, and LTD. Resistance to neural stroke damage 
following middle cerebral artery ligation. Grossly enlarged 
stomachs, with hyper-trophy of the pyloric sphincter and 
the circular muscle layer. See Aberrant social, reproductive, 
and parental behaviors and Aggression, 



Defects in the peripheral n 



vous system and 
. Significant retardation 



of 



spontaneous hair follicle regression (catagen) in 
newborn heterozygotes. 

Loss of sensory neurons in the nodose-petrosal and 
geniculate ganglia. Intact motor neurons of the facial 
nucleus and sym-pathetic neurons of the superior 
cervical ganglion. 

Severe sensory and sympathetic neuropathies. 
Extensive neuronal cell loss in trigeminal, sympathetic, and 
dorsal root ganglia. Decrease in the cholinergic basal 
forebrain projections to the hippocampus and cortex. 
Drastic reduction in the number of nerve trunks and 
branches in the corneal stroma. Marked reduction of the 
blinking response to mechanical, thermal, and chemical 
noxious stimuli. Normal basic motor functions. 
Premature death. 

Neuronal deficiencies in the central (facial motor nucleus 
and spinal cord) and peripheral (trigeminal and dorsal root 
ganglia) nervous systems. See Feeding disorders. 

Failure to exhibit dysmyelinated phenotype. 
Progressive neurological symptoms and diminished survival. 
Extensive neurovisceral storage. Resemblance to human 
cases of total SAP deficiency. 

Perinatal lethality. Skeletal malformations and impaired 
neurogenesis. Bilateral cerebral cavitation caused by 
massive neuronal loss in specific brain subregions 
following El 6.5. 

Functional deficits in the nigrostriatal dopamine system. 
Reduction in total striatal dopamine and attenuated 
locomotor response when given amphetamine. 
Perinatal death. Severe anemia, degeneration of neurons 
in the basal ganglia, and brainstem. Extensive 
mitochondrial injury within degenerating neurons and 
cardiac myocytes. See Motor/coordination/balance 
impairments. 

Perinatal death with cranioabdominoschisis and 
severe dysmorphogenesis of the face, skull, sensory organs, 
and cranial ganglia. Failure of cranial closure between 9 
and 9.5 dpc. 

Failure of the cranial neural folds to fuse. Defects in head 
mesenchyme, somites, and limb buds. Symptoms 
encountered in the human Saethre-Chotzen syndrome. 
dpc = days postcoitum; El 6.5 = embryonic day 16.5; GABAA=gamma-aminobutyric acid (A); LTD = long- 
NGF = nerve growth factor; NMDA==A^-methyl-D-aspartate; NMDAR^AT-methyl-D-aspartate receptor; 
TBASE accession number; VLCFA=very long-chain fatty acids, 
abase at TJL (http://www.informatics.jax.org/). 



exhibiting a defect in spatial cognitive function and para- 
doxical responses to psychostimulants (http://tbase.jax.org/ 
docs/DAT.html). 

An information server (http://tbase.jax.org/docs/announ- 
ce.html) provides links to TBASE-related announcements 



and general information. Announcements are categorized by 
subject to include information on (a) upcoming meetings, 
seminars, conferences, and workshops, (b) courses and 
demonstrations on transgenesis and gene targeting, (c) books, 
reviews, and laboratory manuals, (d) technical novelties, and 
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(e) video guides. General information categories include (a) 
transgenic facilities worldwide, (b) nomenclature guidelines, 
(c) animal welfare legislation and regulations, and (d) multi- 
ple links to additional sites of interest. Finally, a glossary 
serves the less sophisticated TBASE users, who may not be 
thoroughly familiar with transgenic or knockout terminology. 
Instructions for searching TBASE are available at http:// 
tbase.jax.org/docs/instr.html. Basic queries can be initiated 
by searching the TBASE CitDB and combining search terms 
by means of Boolean operators: users are sequentially direc- 
ted from journal articles to TBASE accession numbers to 
individual TBASE records, each of which corresponds to a 
unique mutant mouse. Alternatively, users may perform more 
sophisticated queries by using the search form available at 
http://tbase.jax.org/docs/tb.html and combining or excluding 
terms of interest, as desired. Any questions concerning access 
or data submission to TBASE should be directed to Technical 
Support by sending an e-mail message to tbase@jax.org. 
Comments or suggestions may be addressed directly to Anna 
V. Anagnostopoulos at anna@jax.org. Direct paper submis- 
sion forms are available on the Web via http://tbase.jax.org/ 
docs/newforms.html and by mail or fax upon request. 

2.3. Future directions 

Since the relocation of TBASE, scientists and database 
developers at TJL have undertaken the challenging task of 
merging the IMR and TBASE databases into a novel, 
schematically reformed database, provisionally named 
Transgenic and Targeted Mutation Database (TTMD). 
Recently, curatorial efforts have largely focused on identify- 
ing coincident database contents and comparing schematic 
infrastructure at various levels. A preliminary list of behav- 
ioral and neurological mouse knockouts common to both 
resources is presented in Table 4. Forjhe. purpose of th i s 
publication,. mutantoJJLlable 4 are, conveniently categorized 
b> behavioral profiles t u >r include altered espon es I 
jrugs and ethanoi :^be , rrant social, reproductive, and na rentaj_ 
behaviors learning :irs.l nieinon deficits; feeding disorders: 
aggression; anxi I related behaviors; pain/anal^ sia; motoi 
impairments; s yj guf f s ' ajfld, finally, a miscellaneo us category 
th t denotes i thcr neun lojt i< al n errations. 

A sophisticated, multitable schema is being designed to 
accommodate emerging technological advances and ensure 
adequate representation of transgenic and knockout data. 
Major data reorganization and incorporation of previously 
unavailable material, such as use of hierarchical controlled 
vocabularies and altered gene expression data, will be 
actively pursued. Our goal is to eventually incorporate all 
data on transgenics, knockouts, strains that serve as recipients 
for various transgenes, transpolygenics, as well as conditional 
and chemically induced mutants. Priority enhancements in 
TTMD also include the capture of established interspecific 
homology relationships, based upon criteria generated by 
MGD, GDB, OMIM, and other databases of model organ- 
isms, thus expanding its versatility and scope. Improved 



applications for data browsing and editing are currently under 
construction. The first TTMD database release is expected to 
be launched onto the World Wide Web within a year of this 
publication. Long-range goals are to include information on 
all TJL strains, including spontaneous mutation and inbred 
strains, in TTMD and on strains available at other institutions 
through the International Mouse Strain Resources, which is 
also available on TJL's web page and currently contains links 
to TJL strains and Medical Research Council Mammalian 
Genetics Unit strains at Harwell in the UK. 
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